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Para-occupational ‘take-home’ exposure amongst worker’s families in Low-and middle-income 
countries (LMICs) is not well characterised. This is concerning as research shows the 
association between long-term low-dose herbicide exposure and the development of adverse 
health effects. This study explored ‘take-home’ herbicide residue exposure risks amongst the 
families of Working for Water (WfW) forestry workers in the Western Cape, South Africa using 
aspects of the community-based participatory research (CBPR) approach photovoice. In 
addition, a documentary review of the existing WfW programme policies and regulations was 
undertaken to assess whether required practices supported or prevented the risk of ‘taking-
home’ herbicide residues. The results of the documentary review revealed that workplace 
policies and regulations did not address ‘take-home’ exposure risks. Photovoice findings 
highlighted low compliance to safety practices (e.g., not adhering to PPE requirements) at 
worksites, and this was identified as the main risk factor for ‘take-home’ exposure amongst 
worker’s families. It was noted that the transient nature of forestry work impacted on worker’s 
ability to carry out hygiene practices as decontamination facilities were not available at 
worksites for worker’s to use before going home. As a result, all workers took their personal 
protective equipment (PPE) home. Worker’s after work behaviours (e.g., wearing PPE inside the 
home) and home hygiene practices (e.g., laundering PPE separately from household laundry) 
varied. That is, some worker’s carried out protective practices whilst others did not. This was 
largely attributed to the workplace policies and regulations which did not cover ‘take-home’ 
exposure risks as informed by the national legislation which has not established standards and 
regulations related to ‘take-home’ exposure risks. Evidence from this study demonstrated the 
existence of workers’ ‘taking-home’ herbicide residue and exposing their families to potential 





This thesis is structured into the following four parts:  
Part A  – This section of the mini-dissertation presents the research protocol. The background 
and problem statement on para-occupational ‘take-home’ exposure risks are described. An 
outline of the research scope, including research questions, objectives and methods are 
provided.  
Part B – This section, the literature review, provides a summary and critique of the reviewed 
literature on ‘take-home’ residue exposure risks amongst workers families in both High-income 
countries, and Low-and middle-income countries. This review assisted in characterising the 
problem of ‘take-home’ exposure risks and in exploring strategies to address these risks.  
Part C – This section presents the main findings of the study and recommendations in the 
format of a journal article.  
Part D – This section comprises the appendices, such as the ethical approval for the study and 
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Pesticides are chemical substances that are intended to prevent, destroy, repel or mitigate 
pests such as microorganisms, weeds or animals (U.S. EPA, 2016). They are often classified 
according to the species that they target, namely; insecticides, herbicides, fungicides and 
rodenticides (MacFarlane et al., 2013). Herbicides particularly, are a type of pesticide used to 
eradicate and manage invasive alien plant species. Although registered for extensive use in the 
removal of alien plant species, exposure to herbicides has been associated with human health 
risks. These include; birth defects, cancers, upper and lower respiratory illnesses and 
neurodegenerative diseases amongst others (Chamier et al., 2012; London et al., 2012; Ntzani 
et al., 2013). This represents a significant public health problem, particularly in Low-and middle-
income countries (LMICs) where the actual incidence of occupational and non-occupational 
poisoning is unknown (Blair et al., 2015; Thundiyil et al., 2008). In relation to occupational 
exposure, evidence shows that workers routinely engaged in the preparation and application of 
pesticide mixtures are amongst those at higher risk of exposure (Damalas and Eleftherohorinos, 
2011). The most common routes of occupational exposure identified are absorption through the 
skin, inhalation and ingestion (Aktar et al., 2009; Andrade-Rivas and Rother, 2015; McCauley et 
al., 2006). Non-occupational exposure occurs through indirect exposure to pesticide residues, 
for example, when workers unintentionally carry residues on their skin, hair and clothing from 
work to home, thus exposing their immediate family members to workplace residues (Thompson 
et al., 2003). Pesticide exposure risks in LMICs have been linked to weak legislative and policy 
frameworks that regulate pesticide use, poor surveillance and monitoring systems, inadequate 
training, limited access to information and education, as well as minimal use of personal 
protective equipment (PPE) (Andrade-Rivas and Rother,  2015; Ecobichon, 2001; London et al., 
2001). Furthermore, the existing chemical legislation does not explicitly address potential para-




interventions designed to reduce exposures to contaminants. In this research, South African 
Working for Water forestry workers’ practices related to the care and maintenance of PPE will 
be assessed as a potential source of herbicide exposure to their families. The Working for 
Water programme principally uses herbicides for the removal of invasive alien plant species. 
2. Background 
 
2.1 Impact of herbicide exposure on human health  
 
 
Concerns have been raised in relation to health risks that result from exposure to pesticide 
residues. It has been shown that a significant amount of pesticide residues reach other 
destinations such as, air, water and food, other than their intended target (Blair et al., 2015). 
Thus, with the increasing use of herbicides and growing evidence of their association with 
adverse health outcomes, there is a need to appropriately assess the overall risks (Nweke and 
Sanders, 2009; United Nations Environment Programme, 2013). Assessing actual herbicide 
exposure risks is complicated and involves multiple factors. Most pesticides are formulated with 
active ingredients that have been associated with known or suspected adverse health outcomes 
(Ntanzi et al., 2013). Five of the major groupings of herbicides – that is: chlorophenoxies, 
dypyridines (paraquat), glyphosate, pentachlorophenols and hexachlorobenzenes – have been 
associated with a wide range of cancers, neurodegenerative diseases and neurodevelopmental 
effects, insulin resistance, reproductive and developmental toxicity, endocrine disruptions and 
respiratory effects among others (Chamier et al., 2012; Hernández et al., 2013; London et al., 
2012; Ntanzi et al., 2013). It has been documented that the type and severity of the health 
outcome is determined by the herbicide grouping, duration of exposure and route (Blair et al., 
2015). Due to the challenge of accurately assessing the time of exposure, however, the 
evidence is less clear in terms of the chronic effects of exposure as exposure may occur before 




exposure is further hindered by differences in the levels of exposure, toxicity and formulation of 
the herbicides used (Defarge et al., 2016). The risks associated with long-term low-dose 
exposure to residues both for workers and their families are particularly of concern. 
Most of the evidence that demonstrates an association between pesticide exposure and 
adverse health outcomes emanates from studies conducted in High-income countries (HICs). 
This has resulted in the restricted use of a number of pesticides (e.g., glyphosphate) in these 
countries (London and Rother, 2001; Ntanzi et al., 2013). In most LMICs, particularly South 
Africa, however, there continues to be widespread use of these herbicides (London and Rother, 
2001). Furthermore, the enforcement of regulations that control the use of herbicides in LMICs 
tends to be less stringent in comparison to HICs (Ecobichon, 2001; London and Rother, 2001; 
London et al., 2002). This results in a substantial number of people being exposed to residues 
including workers families, increasing the risk of adverse chronic health effects (London and 
Rother, 2001). In addition to weak regulation, Sharma et al. (2012) suggest that the adverse 
effects of pesticides on the health of individuals in LMICs is also due to low hazard awareness 
of users, lack of proper caution when applying and spraying herbicides and inadequate use of 
PPE.  
2.2 Determinants of herbicide exposure  
 
Various factors lead to acute and chronic exposures to herbicides through inhalation, contact 
with the skin, occupational and non-occupational routes (Blair et al., 2015; Curl et al., 2002; 
Curwin et al., 2006). For example, liquids are more likely to splash and spill which may result in 
contact with the skin through contaminated PPE, increasing worker risk. Secondly, the type of 
packaging that herbicide mixtures are contained in may expose workers to residues when 
opening the packaging. Thirdly, the frequency and duration of handling and applying herbicide 




study by Blair et al. (2015) found that workers who were responsible for mixing, loading, 
transporting and applying pesticides were at higher risk of exposure and acute poisoning. 
Fourthly, the overall hygiene practices of workers when mixing, loading, handling and applying 
herbicide mixtures may increase worker risk. Workers who follow precautionary measures such 
as the proper use and maintenance of PPE, washing of hands after handling herbicide mixtures, 
changing work clothes immediately after work, taking a shower prior to going home or soon after 
reaching home or separating work clothes from the household laundry reduce their exposure to 
residues (Damalas and Eleftherohorinos, 2011). Fifthly, the type of application equipment 
utilized increases worker risk. Portable methods such as handheld sprayers and backpack 
sprayers are more likely to result in workers being exposed compared to mechanised vehicle 
sprayers (Andrade-Rivas and Rother, 2015). Lastly, weather conditions; for example, the wind 
causes a significant amount of herbicide that is sprayed to be lost from the initial intended target 
area. Furthermore, high and humid temperatures have been shown to contribute to rapid 
evaporation of residues from the spray nozzle (Damalas and Eleftherohorinos, 2011). 
Consequently, exposure is likely to increase when workers are unable to follow specified 
instructions on handling and applying herbicide mixtures, use of required PPE and applying 
general sanitation practices. 
The determinants that result in exposure to residues amongst workers have been well 
documented, even in LMICs (Andrade-Rivas and Rother, 2015; Naidoo et al., 2010; Salameh et 
al., 2004). Little evidence exists, however, on the determinants of how worker’s exposure to 
herbicides may also be a source of exposure to their families particularly in LMICs. Furthermore, 
most evidence alludes to precautionary measures that may be implemented by workers, namely 
taking a shower at the workplace before going home, to minimise the risk of exposure to their 




research, however, shows preventative measures that the families of workers may adopt to 
further reduce the risk of exposure.  
2.3 Para-occupational ‘take-home’ exposure 
 
Non-occupational exposure through what is known as the para-occupational ‘take-home’ 
pathway occurs when agricultural workers, farmers, applicators or other workers inadvertently 
carry residues from the workplace to their places of residence. Residues may be brought into 
the home on the hair, skin, work clothing including boots, work equipment or work vehicles (Curl 
et al., 2002; Curwin et al., 2002; Lu et al., 2000; NIOSH, 1995). The Centers for Disease Control 
National Institute for Occupational Safety and Health (NIOSH) conducted a study in response to 
the 1992 Workers’ Family Protection Act (Public Law 102-522, 29 USC 671) that was 
commissioned by the Congress of the United States (U.S.). This study assessed the 
contamination of workers’ homes with chemicals, including pesticides transported from the 
workplace. One critical finding from the study was that cases of contamination resulting from the 
‘take-home’ pathway were identified in 28 countries and 36 states in the U.S. (NIOSH, 1995; 
NIOSH 2002). The findings of another study amongst a population of farmworker households in 
Washington State, U.S. showed an association between workers’ that remained without 
changing their work clothes for two hours when they reached home after work and increased 
levels of residues in house dust (Strong et al., 2009). This resulted in the families of worker’s 
within these households being exposed to residues. Thompson et al. (2003) suggest that the 
implementation of protective practices in the homes of agricultural workers tends to be 
dependent on their occupational characteristics. According to their findings, pesticide handlers 
who worked directly with chemicals were more likely to adopt protective measures such as 
washing hands after work, washing work clothing immediately after single use and taking work 
clothing off before holding children compared to other workers. The authors attribute these 




prevention of ‘take-home’ exposure to residues. For this reason, it was presumed that pesticide 
handlers were more aware of the risks associated with pesticide exposure than workers who 
undertook other tasks. Similarly, in the South African Working for Water (WfW) programme, 
applicators receive additional training as it is assumed that these workers may be at a higher 
risk of exposure to herbicide residues than other workers. The challenge, however, is that in 
practice, general workers who have not received this specialised training which is provided to 
applicators, are also involved in activities related to the application of herbicide mixtures 
(Andrade-Rivas and Rother, 2015). Nonetheless, this specialised training provided to 
applicators does not explicitly address the prevention of ‘take-home’ exposure.  
A concerning finding from the study by Thompson et al. (2003) was that children living in the 
homes of exposed workers had elevated urinary metabolites of workplace residues. The 
abovementioned evidence suggests that children, in particular, have increased risk of exposure 
to take home residues due to their less mature physiological system and their behavioural 
practices; that is, they are more likely to engage in hand-to-mouth behaviours compared to 
adults. Exposure to residues in children has been associated with increased risk of cancer 
particularly childhood leukaemia, congenital malformations and neurobehavioral deficits 
amongst others (Curl et al., 2002; Lu et al., 2000, Strong et al., 2008). Numerous studies have 
also documented the impact of exposure to residues on the health of women (London et al., 
2002; Ntanzi et al., 2013; Rother, 2000). 
It is interesting to note that countries such as the U.S. enacted legislation that is specific to the 
protection of worker’s families from exposure to hazardous substances transported from the 
workplace to the home, as far back as 1992; no such legislation, however, exists in South 
Africa. The legislation that is in place in the country specifically refers to the prevention of 
contamination in the workplace (South African Department of Labour, 1993). This raises 




result in the adoption and implementation of protective practices that are fragmented, 
uncoordinated and lack comprehensiveness. Although there may be no guarantee of the 
effectiveness of such a policy, as has been shown in the case of the weak enforcement of 
occupational safety legislation in LMICs (London and Rother, 2001) a policy specific to protect 
workers’ families may be foundational to the development of robust strategies. More importantly, 
enacting such a policy would be telling of the country’s leaderships’ willingness to commit to and 
support raising awareness in regard to ‘take-home’ exposure risks. Nevertheless, the absence 
of this policy in South Africa may be indicative of the lack of evidence that ‘take-home’ exposure 
is a problem in the country. Additional research is therefore needed in the country to 
demonstrate the risk of exposure to residues amongst worker’s families through the ‘take-home’ 
pathway and to further support the development of a policy that addresses this issue. 
The multi-country study by NIOSH concludes that exposure to residues resulting from the ‘take-
home’ pathway is a public health concern worldwide. This is also confirmed by other studies, 
mostly conducted in HICs  which provide compelling evidence of exposure amongst the families 
of workers (Curl et al., 2002; Curwin et al., 2002; Lu et al., 2000; Strong et al., 2008; Thompson 
et al., 2003). Some studies have further shown an association between ‘take-home’ exposures 
and the impact on the health of family members, especially children (Lu et al., 2000). However, 
in comparison to the extensive research that has been undertaken to establish the health effects 
resulting from residue exposure amongst workers, significant gaps in knowledge exist in terms 
of the extent, types and severity of health effects resulting from residue exposure amongst 
workers’ families. 
Numerous studies have assessed occupational exposure to residues through contaminated 
PPE but limited studies have focussed on ‘take-home’ residue exposure through contaminated 
work clothing (MacFarlane, 2013). Likewise, most studies have focussed on exposure to 




2008; Thompson et al., 2003); with few being specific to contamination resulting from herbicide 
exposure (Curwin et al., 2002). The evidence is further limited for LMICs. Consequently, the 
extent to which para-occupational herbicide exposure may be a concern for public health in 
South Africa is not fully known.  
Additionally, most studies assessing ‘take-home’ exposure made use of sampling 
methodologies such as biological (e.g., urine), environmental (e.g., dust, surface wipe) and 
personal (e.g., handwipe) (Curl et al., 2002; Curwin et al., 2006; Lu et al., 2000, Strong et al., 
2008). However, these sampling methods are not always feasible (e.g., lack of laboratories for 
analysis). Interestingly, few studies have used visual methodologies (for example; photovoice – 
see Section 4 Methods) to assess ‘take-home’ exposure when conventional sampling methods 
cannot be used (Stedman-Smith et al., 2012). Furthermore, no studies, to the knowledge of the 
researcher, have been conducted in a middle- income country, namely South Africa, to assess 
‘take-home’ exposure risks amongst forestry workers’ families using visual sampling 
methodologies. 
2.4 The South African Working for Water (WfW) programme  
 
Compared to farmers and other agricultural workers, forestry workers remain an under-
researched population in LMICs. This, therefore, provides an important case study as they 
primarily work with herbicides but little is known about the effects of herbicide residue exposure 
amongst this population of workers and their families. The WfW programme commenced in 
1995 as an initiative of the South African Department of Water Affairs and Forestry. The 
programme is primarily aimed at sustainably restoring water supply through the removal of 
invasive alien plant species (Andrade-Rivas and Rother, 2015; Binns et al., 2001). Evidence 
shows that invasive alien plant species have been correlated with “reduced surface water runoff 




resulting in substantial economic consequences” (van Wilgen et al., 2000). This control of 
invasive alien plant species is managed through concentrated efforts of initial removal of the 
invasive alien plant species through mechanical, chemical and biological control methods 
(depending on the differing alien plant species) and restoration of indigenous low water 
consuming vegetation in cleared areas (van Wilgen et al., 2012). This is then followed by 
maintenance and management of invasive alien plants of up to five years to prevent regrowth 
(van Wilgen et al., 2012; Hosking and Du Preez, 2004).  
The WfW initiative also responds to South Africa’s developmental needs as it addresses the 
immediate social needs of marginalised and vulnerable groups through the provision of training 
and low-levelled skilled employment opportunities (Andrade-Rivas and Rother, 2015; Hope, 
2006). Numerous employment opportunities have been created within the programme, with a 
strong emphasis on gender equality (Turpie, 2008). In 2015, 53% of those employed were 
women who are mostly single heads of households (South African Department of Environmental 
Affairs, 2015).   
Despite the success of the WfW programme which leans on the combination of its 
environmental goals and poverty alleviation efforts while protecting the health of its workers, 
secondary herbicide residue exposure, through the ‘take-home’ pathway, amongst the families 
of workers remains an issue.  
2.5 Training of workers within the WfW Programme 
 
The entire spectrum of workers – that is; general workers, peer educators, herbicide applicators, 
first aiders, health and safety representatives and drivers, within the WfW programme receive 
vocational training that qualifies them as general workers. The training encompasses aspects 
that are related to the risks of herbicides to the environment, risks of exposure to the workers 




Protective Equipment (PPE) and the overall health and safety of the workers. The training 
methodology involves mixed methods which provide workers with the opportunity to practically 
apply the knowledge they would have obtained. This is critical in order to ensure workers 
correctly implement work-related tasks and more importantly risk reduction measures to 
exposure to herbicides (Andrade-Rivas and Rother, 2015).  
Although the training that WfW workers undergo appears to adequately cover the aspects 
related to the occupational safety of workers as well as their health and wellbeing, the aspect of 
minimising and possibly eliminating the risk of herbicide exposure to workers’ immediate family 
members, especially children, is not covered. It may be argued that the training on the 
management and care of PPE, specifically cleaning and laundering contaminated equipment, 
addresses ‘take-home’ exposure risks, especially if workers adhere to the stipulated 
requirements. The assumption that this is imbedded in the current training offered may be a 
challenge in reality, however, as workers may be unaware of the extent to which their practices 
and behaviours related to PPE maintenance and personal hygiene practices may be a potential 
risk for their families.  
2.6 Personal Protective Equipment use 
 
As a minimum measure of protection, all WfW workers are provided with PPE to reduce the risk 
of exposure whilst handling and applying herbicide mixtures. The equipment includes; chemical 
resistant gloves and boots, respirators, protective eyewear, aprons and overalls. A study by 
Tomenson and Matthews (2009) amongst farmers and applicators in 24 different countries, four 
of which were in Africa, found that the use of PPE was an important measure of control in 
reducing exposure to pesticides and the resulting adverse health effects. They further found that 
the frequency of compliance to PPE use amongst the study population was critical in 




observed by Quandt et al. (2006) and Recena et al. (2006) where the use of PPE was effective 
in reducing exposure to pesticide residues. Both studies, however, conclude that the provision 
of PPE to workers did not necessarily translate to use of the equipment for protection. Though 
monitoring compliance of PPE use may be employed as a potential strategy to enforce 
consistent use of the equipment, the widespread setting of the work of applicators and farmers 
hinders the ability to do so effectively (Andrade-Rivas and Rother, 2015; Hosking and Du Preez, 
2004).  
Despite the fact that PPE remains an important protective measure in reducing exposure to 
herbicides amongst workers, the equipment, if contaminated, becomes a potential source of 
exposure to the families of workers when brought into the home. This source of exposure was 
documented by Curwin et al. (2006) who stated that the para-occupational pathway is an 
additional route of exposure to pesticides and occurs when applicators, farmers or other 
workers unintentionally contaminate their homes by carrying residues on their clothing and 
shoes. 
2.7 Knowledge, attitudes and practices of workers 
 
Knowledge of the risks of pesticide exposure amongst workers is imperative as erroneous 
beliefs may result in workers failing to implement protective measures against the risk of 
exposure (Blanco et al., 2005; Mekonnen et al., 2002). Consequently workers’ families may be 
exposed to residues. Quandt et al. (2006) observed that the resulting behaviour of farmworkers, 
for example, either choosing to adopt or failing to adopt protective measures, was moderated by 
their individual psychosocial factors which included their knowledge, beliefs, attitudes and 
values. A study amongst Lebanese agricultural workers confirms this, as the authors conclude 
that the lack of PPE use was influenced by the workers perceived understanding that exposure 




circumstances where PPE requirements were in place to assist workers to differentiate between 
the essential equipment that was required for the varying levels of toxicity of the chemicals, 
these distinctions were not reflected in practice by their behaviour, even when workers had clear 
perceptions of the risk of the harmful substances being handled (Perry et al., 2002; Richardson, 
2011). Seemingly workers have adequate information in order to comprehend the risks of 
exposure to herbicides but have little knowledge related to residues that cannot be seen or 
smelt. An important observation by Perry et al. (2002) suggests that the extent of exposure 
tends to be moderated by the behaviour of workers in both the work and home environment; 
they observed that in some instances workers brought contaminated work clothing or articles 
into their homes. 
The working conditions of the WfW workers are mostly characterised by steep terrains where 
workers are exposed to varied environmental conditions, such as heavy rainfall. Due to the 
vastness of the areas being cleared, workers have to walk long distances carrying work 
equipment, for example, spraying containers and their PPE. This not only poses physical 
challenges to the workers but the risk of exposure to herbicide mixtures (Andrade-Rivas and 
Rother, 2015). These conditions are indicative of the likelihood of exposure lasting for longer 
periods (e.g., in the case of spillage, as washing facilities are not located at the worksites). 
Similarly, numerous studies have documented the behaviours of workers that are related to the 
risk of exposure in the workplace (Perry et al., 2002; Quandt et al., 2006; Richardson, 2011; 
Salameh, 2004). Nonetheless, fewer studies exist that are linked to workers’ practices in the 
home that may contribute to the risk of exposure among their families. Further understanding in 
this regard is needed as this affects the scope of behavioural interventions which in most cases 




Occupational exposure to herbicides amongst workers is well documented (Ntanzi et al., 2013). 
Little is understood, however, regarding exposure to families that occur as a result of ‘take-
home’ residues, especially in LMICs. Most interventions aimed at reducing the risk of exposure 
in the WfW Programme have focussed on the prevention of exposure in the workplace with no 
interventions specifically targeting the prevention or management of exposure in the homes of 
these workers. Since the WfW programme is a countrywide initiative that employs a substantial 
number of workers, the impact of ‘take-home’ residues carried from the workplace to the home 
may be widespread. Likewise, the resulting health effects from exposure to residues on the 
workers’ families may also be widespread. 
3. Research aim and objectives  
 
3.1 Research aim  
 
This research aims to determine whether the families of workers in the Working for Water 
programme are at risk of exposure to ‘take-home’ herbicide residues carried from workplace to 
the home, specifically through contaminated Personal Protective Equipment as the main source 
of exposure.  
3.2 Objectives  
 
The objectives of this research are: 
1. To assess the extent of exposure to workplace herbicide residues in the homes of 
Working for Water workers.   
2. To document the different types of workers’ practices, related to care of Personal 
Protective Equipment (PPE) at home that may be risk factors for exposure.  
3. To identify the determinants of exposure to residues for workers’ families including those 
members most at risk of exposure as a result of contaminated PPE. 
4. To provide recommendations for the prevention and management of para-occupational 




3.3 Research questions  
 
The research questions for this study are divided into the primary research question which is 
followed by the secondary research questions. 
 
Primary research question  
1. What is the magnitude of ‘take-home’ herbicide residue exposure specifically resulting 
from contaminated PPE amongst the families of WfW workers? 
 
Table 1: Secondary research questions  
Area of inquiry  Secondary research questions  
Work related 
exposure  
1. Are there worker’s practices in the workplace that may result in the 
contamination of their PPE? Which articles of the PPE are more 
likely to be contaminated? 
2. Are any of these identified practices in the workplace avoidable?  
3. Which of the worker’s practices in the workplace may be possible 
risk factors for the transportation of herbicide residues to the 
homes of the workers? 
‘Take-home’ 
exposure 
1. Do workers carry contaminated PPE including work clothing to the 
home? Are there any other sources of contamination such as work 
equipment that are carried into the homes of these workers?  
2. What do workers perceive are the herbicide exposure pathways 
for themselves and their families? What are the main perceptions 
of workers related to ‘take-home’ residue exposure resulting from 
contaminated PPE and work-clothing? How do these perceptions 
contribute to the measures adopted by workers to reduce 
exposure to residues in the home? What specific risk reduction 










3. Do workers change their PPE immediately after work?  
4. How do workers wash, clean and store their PPE in the home? 
Are the contaminated articles stored separately from household 
laundry if they remain unwashed?  
5. Is contaminated PPE washed separately from the household 
laundry? Is the same washing machine or laundry dish used by 
other household members to wash their laundry? Who is most 
likely to wash contaminated articles and therefore likely to be 
exposed?   
6. What are the risk factors related to the practices of the workers 
families that increase their likelihood of exposure? Who is most at 
risk of exposure amongst workers’ family members? 
WfW training  1. To what extent do the current gaps in training, that is the exclusion 
of an aspect that covers the prevention and management of ‘take-
home’ residue exposure to residues, affect the practices of 
workers in the home? How can these be improved, if relevant? 
4. Methods  
 
4.1 Context of research  
 
This study forms part of a larger research project, titled ‘Assessing Working for Water workers 
washing and storing of herbicide contaminated Personal Protective Equipment and work 
clothes: Identifying risk prevention measures of cross-contamination for family members and 
home environment’ which is being piloted in the Western Cape Province led by the principal 
investigator Professor Hanna-Andrea Rother (HREC REF: 213/2015). The larger research 
project aims to identify best practice strategies for the care and management of PPE and make 
recommendations to improve WfW’s standard operating procedures that will guide workers in 
preventing residue exposure to their families. This will be achieved through collection of 




store their PPE at home. Since the focus of the proposed research also relates to residue 
exposure resulting from contaminated PPE amongst worker’s families, the findings of this 
research will serve as an additional source of evidence for the development strategies aimed at 
preventing and reducing exposure to residues. The type of evidence namely, visual data in form 
of photographs, collected in research will be critical to understanding the actual practices of 
workers and their perceptions related to PPE and exposure to residues. Thus, it may further 
contribute to the specificity of the recommendations and strategies that will be developed under 
the larger study.   
4.2 Research design  
 
The study will make use of a qualitative research design and specifically an adaptation of the 
participatory research method, Photovoice. The use of this method will enable the researcher to 
gain an in-depth understanding of the real life experiences of forestry workers, rather than what 
could be captured with the use of standardised instruments. The study will further undertake a 
documentary review of the current WfW standard operating procedures and the South African 
chemical legislation. 
4.3 Study population and sampling strategy  
 
The study participants will be selected using purposive sampling methods which Maxwell (2008) 
defines as a technique whereby participants are consciously selected to take part in a study, on 
the basis of practical knowledge, in an attempt to provide a study with specific information to 
answer the research question at hand. He further states that purposive sampling methods 
enable researchers to accurately obtain the essence of the participant’s experience. Thus, the 
study population will comprise a sample of approximately 40 participants which will be selected 
from four teams of workers located in the Western Cape Province. The participants will be 




are actively spraying during the time of the study including; Gouda, Citrusdal, Liesbeek River 
and Westlake.  
The study population will be comprised of four teams of WfW workers, approximately 10 
workers per team, recruited by individual contractors under the WfW Programme. All workers 
are community members which reside in those specific localities that need to be cleared of 
invasive alien plant species. 
It is noted that there are limitations to using the proposed purposive sampling method, namely, 
that the selected participants in the sample may not be representative of the entire study 
population and that those agreeing to take part in the study may have similar characteristics. 
The challenge with these abovementioned limitations is that this then creates an opportunity for 
bias in the study, where participants with certain characteristics may be over-selected or under-
selected or still others may be missed altogether (Maxwell, 2008). The former limitation is 
particularly relevant to this study as it has been mentioned, that the groups of workers will be 
selected by the WfW management. This limitation, however, will be addressed through the 
selection of participants from different teams in the Western Cape Province, which should 
therefore contribute to the sample being representative of the larger population of forestry 
workers in the Western Cape. 
4.4 Data collection  
 
Participatory research methods are characterised by the involvement of communities in the 
research process. These methods empower community members by enabling them to be co-
researchers that contribute to various processes within a given study rather than only being 
subjects (Carlson et al., 2006; Minkler, 2014). Furthermore, participatory research methods 
allow researchers to gain an in-depth and accurate understanding of the needs of the study 




incorporates the perspectives, perceptions and experiences of those involved in the research 
process (Wang et al., 2000). A critical aspect of participatory research methods is that of social 
change, as it strongly contributes to interventions being sustained in the long term mainly for the 
reason that community members are actively involved in the research (Wang et al., 2000; 
Catalani and Minkler, 2009). This study will specifically make use of the participatory action 
research method ‘photovoice’ as a means to collect data and information related to ‘take-home’ 
herbicide residue exposure (Stedman-Smith et al., 2012).  
Photovoice is a participatory action research method aimed at stimulating social action. The 
method is based on the theoretical principles of education for critical consciousness developed 
by Paulo Freire (1970) which emphasises the importance of individuals conveying their personal 
circumstances, forming linkages within their personal circumstances, connecting these 
circumstances to underlying causes and providing recommendations improve their lived 
realities. Secondly, feminist theory which suggests that power increases for those who articulate 
their opinions and take an active part in decision making. Thirdly, documentary photography 
which is a grassroots approach that enables participants to represent their experiences through 
photographic techniques in order to facilitate social change (Stedman-Smith et al., 2012; Wang 
and Pies, 2004). Based on these theoretical principles, photovoice has been instrumental in 
empowering marginalised communities through the development of their skills and enabling 
them to contribute collectively to changes within their communities (Madrigal et al., 2014). As a 
result, communities are empowered to contribute to social change through critical engagement 
and discussion.  
The technique has since been adapted within the fields of public health, education and youth 
development research. Within the field of public health research, the method has been 
described as a participatory action research method and approach intended to address 




method within the field has primarily targeted marginalised and vulnerable populations, including 
workers, in an attempt to empower these groups through research that extends beyond in-depth 
discussions of their issues to action that influences change at the policy level (Carlson et al., 
2006; Kuratani and Lai, 2011). This was demonstrated in a study by Wang and Burris (1994), 
where photovoice research pioneered changes in policy for women in the rural communities of 
China. The research method enabled these village women to communicate their needs to 
decision makers and resulted in policy changes that were favourable to women living in these 
rural communities.  
Thus the use of photovoice methods for data collection in this study will be aimed at answering 
the research question from the viewpoint and real life experiences of the workers in the WfW 
programme. Data collection for the study will include two phases: 1) capturing of photographs 
by participants and 2) focus group discussions of the photos taken.  
Photo taking 
Two fieldworkers conversant in the local languages, namely Afrikaans and isiXhosa, will be 
trained on providing a background of the research project, the roles of the fieldworkers and 
research staff and the format of the workshop to be held with study participants by the project 
coordinator and two research assistants. Working for Water workers participating in the study 
will be trained by the fieldworkers and research staff on the research methodology, that is, how 
to use the cameras as a means for data collection. They will also be issued an instruction guide 
(see Appendix A) that provides specific details on the types of photographs to be captured. This 
includes photographs that show access to water supply, electricity and waste removal 
containers in their home environment and the surrounding area in relation to using, cleaning and 
storing of their PPE as well as the facilities they use for cleaning and storing their PPE. 




will also be provided with a consent form (see Appendix B) that they will be expected to 
complete and sign. 
Each worker will then be issued a disposable camera comprised of 27 exposures that will be 
used to capture the specified photographs related to their interpretations of the risks of herbicide 
exposure as a result of the ‘take-home’ pathway. This phase of data collection is expected to 
last for the duration of one week for each team. Following this, the research staff will collect the 
used cameras (containing captured photographs) from the study participants. Thereafter the 
research staff will develop the captured photographs. As an incentive to participating in the 
study, workers will be requested to capture one photograph of their family which will be 
developed by the research team and issued to participants.  
Focus group discussions 
The second phase of the data collection process will involve hosting four focus group 
discussions with workers at their respective worksites. All workers agreeing to take part in the 
study will participate in these focus group discussions, thus each focus group will consist of 
approximately 10 WfW workers.  These sessions will be facilitated by the research staff and 
fieldworkers guided by the Photovoice Focus Group Guide (see Appendix C) and will last for 1.5 
to 2 hours. Focus group participants will be requested to respond to general questions and more 
specific questions regarding the photographs they have taken (see Appendix C). A selected 
number of photographs demonstrating the care and maintenance of PPE and risks of ‘take-
home’ exposure will be displayed and participants will be provided with an opportunity to 
discuss their interpretations of the photographs that have been captured. It is important to note 
that the participant’s faces in the photographs will be blurred out to ensure that workers are 
protected from being easily identified.  All focus group discussions will be audio recorded with 




The use of photovoice data collection methods for this study has been taken into account as a 
possible limitation, as varied data sources will not be compared to assess the similarities and 
discrepancies in responses. However, the justification for the use of this method is that the 
study aims to assess the risk of para-occupational exposure initially through observational 
methods that will then serve as basis for assessment using other methods based on the findings 
of the study.  
4.5 Data analysis  
 
The documentary review data and photographs taken by the study participants and will be 
coded, categorised into themes and analysed using the qualitative data analysis tool, Nvivo 11. 
This tool has been used extensively in qualitative research to analyse various forms of data 
including images and audio files (AlYahmady and Alabri, 2013). The use of an electronic 
qualitative data analysis, rather than manual qualitative analysis methods, ensures rigour in the 
coding and analysis of data. AlYahmady and Alabri (2013) state that there are five phases in 
which Nvivo facilitates the analysis of qualitative data:  
1. Management of data by organising the various forms of data, that is, images, 
questionnaires, interview transcripts;  
2. Management of ideas by recognising the conceptual and theoretical overarching issues 
emerging from a study;  
3. Querying of data through in-built questions and also utilising the tool to answer these 
queries;  
4. Modelling by generating visualisations (e.g., graphs) to show correlations between the 
conceptual and theoretical data; and  
5. Reporting by formulating transcript reports of the study results. 
 
One of the key principles of photovoice methods is that study participants themselves contribute 
to the process of data analysis. This process occurs during the previously mentioned focus 




the captured photographs through a guided process. The audio recorded focus group 
discussions (with consent), where participants discuss their personal interpretations of the 
captured photographs will be reviewed and transcribed. Thereafter, the transcribed data 
emanating from the focus group discussions will undergo the same process of analysis in Nvivo 
11 as the photographs namely; coding, synthesis and organisation.  
 
5. Ethical considerations  
 
The larger research project titled: ‘Assessing Working for Water Workers washing and storing of 
herbicide contaminated Personal Protective Equipment and work clothes: Identifying risk 
prevention measures of cross-contamination for family members and home environment’ was 
granted ethics approval (HREC REF: 213/2015) by the University of Cape Town Human Ethics 
Research Committee (see Appendix D). This proposed research will be submitted for approval 
to the UCT Human Ethics Research Committee as per the University’s guidelines for 
undertaking research. 
The proposed research will involve human subjects in order to investigate the risk of ‘take-
home’ herbicide residue exposure in the homes of WfW forestry workers. In light of this, the 
research will be conducted according to the principles of the Declaration of Helsinki (2013) and 
the ethical regulations of research for South Africa. 
The ethical considerations outlined in this specific study have been adapted from Wang and 
Redwood-Jones’ (2001) recommendations for photovoice research ethics. 
5.1 Informed consent  
 
The process of obtaining informed consent provides research participants with all information 
pertaining to a proposed study. This enables participants to make an informed decision 




autonomy of individuals, that is, they should be given the responsibility of deciding whether to 
take part in the study. The language and terms enunciated in the written consent form must be 
easily understood by the participants. For photovoice research techniques, Wang and 
Redwood-Jones (2001) recommend obtaining consent from all those who take part in the study 
namely, research participants and members of the community including family members who 
are captured in the images. They further suggest that consent be obtained prior to publishing 
the images.  
A briefing session will be held with WfW workers where they will be informed of the following: 1) 
the purpose of the study and the research process, 2) the planned activities including time 
frames, 3) the benefits and potential risks of participating in the study, 4) study participants 
responsibilities as co-researchers within the study, 5) the process of obtaining informed consent 
prior to photographing individuals, and 6) the process of tendering withdrawal of participation in 
the study. Emphasis will also be placed on workers’ ethical conduct throughout the research 
process, particularly since they will assume the role of being researchers. Since workers taking 
part in the study do not all have an English language background and some speak Afrikaans 
and others isiXhosa, fieldworkers who speak the local languages of the workers will be tasked 
with translating the consent forms to workers. This will ensure that the participants are well 
informed and understand all the terms of the study before agreeing to take part (see Appendix 
B). The signed informed consent form will cover consent by participants to take part in the two 
phases of the study namely, the photo taking and focus group discussions.  
5.2 Privacy and confidentiality  
 
Four types of invasions to privacy and confidentiality may occur when using the photovoice 
methodology. These include imposing on an individual’s private space especially since meaning 




the aim of social change, using images out of context in order to support certain views and 
developing images and selling them in order to generate income (Wang and Redwood-Jones, 
2001). 
The above mentioned forms of invasion to privacy and confidentiality will be addressed during 
the initial information session where WfW workers will be informed on the research methodology 
and trained on the use of cameras and the ethics of capturing photographs of people including 
their responsibility in protecting the confidentiality of those captured in the photographs. In 
addition, the photovoice instruction guide (see Appendix A) provides further guidance to 
participants on the types of photographs that should be captured.  
5.3 Anonymity 
 
Photographs captured by participants that portray faces of people or specific symbols in the 
community raise ethical issues and failure to take this into cognisance by protecting the identity 
of individuals may be a violation of that individual (Wang and Redwood-Jones, 2001).   
Workers will be informed that part of the study will involve openly sharing the captured 
photographs as well as their experiences with other participants during the focus group 
discussions. These photographs, however, will only be viewed by the research staff and study 
participants in their respective focus group. Study participants will be determine whether 
photographs can be published or displayed in a public space. Furthermore, in order to ensure 
that the anonymity of the workers is maintained, only the researchers conducting the study will 
have access to the data. For photographs that will be published, pixelisation techniques (e.g., 
blurring or blacking out parts of the images) will be employed to protect the participant’s identity. 
Workers will also be trained on explaining the principle of anonymity within the context of 
photovoice research to their families or community members when requesting their consent to 




5.4 Risks  
 
There are no anticipated risks to workers that will be participating in the proposed study. It 
should be noted, however, that workers themselves may anticipate possible risk of participating 
in the study. This may arise from workers being fearful that if, for any reason, anonymity is not 
maintained that the study may be a threat to their employment, especially if they are portrayed 
as being negligent in the captured photographs. The consent form, however, alludes to the 
worker’s employment not being impacted by their involvement in the study. Furthermore, the 
research team will reassure concerned workers that the use of this method will assist in 
developing interventions aimed at reducing exposure both at the workplace and home. If 
workers. Workers will also have the option of not participating in the study nor being 
photographed.  In summary both the employers and the researcher have a combined interest in 
the worker’s wellbeing.  
In terms of possible risks that may result from exposure to herbicide residues, WfW workers that 
will participate in the study have received training by WfW which covers the aspects of 
preventing exposure to herbicide residues. Should workers need further clarity regarding 
herbicide exposure and the related risks, however, the research team will be available to 
respond to workers in this regard.  
5.5 Benefits  
 
The immediate benefits for the workers participating in the research will be as follows: workers 
will be provided information related to health effects resulting from exposure and will be further 
provided with information that will guide them on preventing and reducing the risk of exposure.  
Another benefit, based on the principles of photovoice, is that participants will be provided with 




to the care and maintenance of PPE at work and home. This collaborative approach carried out 
in the design phase, as previously mentioned, is more likely to contribute to strategies being 
correctly implemented and sustained as workers will support the initiative. Furthermore, the 
photograph of their families captured by participants will be developed and will be issued to the 
participants for the personal use and enjoyment.  
The long term benefits are that the workers will be less exposed to residues since they will be 
aware of the risks of ‘take-home’ exposure, and therefore, take precautionary measures to 
protect themselves. Furthermore, the families of workers will benefit indirectly as a result of the 
participants being more aware of the risks of exposure to their families. 
As a token of appreciation for participating in the study, workers will also be provided with 
refreshments during the focus group discussions.  
In light of these abovementioned benefits, those participating in the study will not receive any 
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Pesticides, including herbicides, are increasingly used in agricultural and environmental pest 
control and management (Issa et al., 2010; Nweke and Sanders, 2009). However, unintentional 
exposure to residues may be harmful to non-target organisms, such as those who work with or 
come into contact with residues (e.g., worker’s families) (Damalas and Abdollahzadeh, 2016; 
Kim et al., 2017; Lucas and Allen, 2009; Tondl and Schulze, 2008). Occupational exposure 
risks, including the associated health effects, have been extensively researched globally (Deziel 
et al., 2015). Little is known, however, regarding para-occupational ‘take-home’ exposure (i.e., 
the indirect effects of exposures in a work environment) and the resulting health risks, despite 
being cited as a public health concern worldwide (Deziel et al., 2015). The existing evidence on 
‘take-home’ exposure risks is primarily from studies conducted in High-income countries (HICs) 
(Arcury et al., 2007; Arcury et al., 2009; Curl et al., 2002; Lu et al., 2000; Strong et al., 2009a; 
Strong et al., 2009b; Thompson et al., 2003; Thompson et al., 2008; Vida and Moretto, 2007). 
This type of exposure has not been well researched amongst worker’s families in Low-and 
middle-income (LMICs). Therefore, understanding the nature of workers family’s exposure risks, 
the sources of exposure, contextual factors and structural factors in LMICs adding to the risks 
will be critical for prevention and management of ‘take-home’ pesticide exposure risks.  
 
1.1 Purpose and objectives   
 
The purpose of this literature review was to examine the existing evidence on para-occupational 
‘take-home’ pesticide residue exposure risks. The information was relevant in characterising the 
risk of this type of non-occupational exposure amongst Working for Water (WfW) forestry 
workers (the study population) and their families in South Africa, and in providing 





The specific objectives were as follows:  
 To summarise the evidence globally relating to ‘take-home’ pesticide exposure risks. 
 To evaluate the interventions and strategies aimed at reducing pesticide exposure risks 
and the associated health effects for worker’s families. 
 To review the existing chemical legislation which outlines the protection of workers from 
hazards in the workplace and their families from exposure risks at home. 
 To identify the research limitations and gaps in the existing literature as a basis for this 
research.  
1.2 Search strategy  
 
Relevant peer reviewed articles, publications, reports and policy frameworks relating to the 
‘take-home’ pesticide exposure pathways from both HICs and LMICs were identified. Only those 
written in English, however, were reviewed. In terms of search limits, date ranges were not 
applied mainly due to few studies existing on the ’take-home’ exposure risks compared to 
occupational exposure risks.  
 
1.2.1 Peer reviewed Journals 
 
To be included in this review, peer reviewed journals had to meet one or more of the following 
criteria: 
1. specifically focus on the ‘take-home’ herbicide or pesticide exposure pathways globally; 
2. describe exposure risks amongst worker’s families; 
3. specify sources of exposure for worker’s families; 
4. define acute and chronic health risks associated with exposures; 
5. describe interventions (e.g., training, behavioural interventions) aimed at reducing 
exposure risks amongst worker’s families; and/or  








Published studies were sourced from the following databases and websites:  
 General databases: Scopus, JSTOR and Google scholar 
 Journal websites: Elsevier’s Science Direct, Springerlink, Wiley Online and PubMed.  
 
The specific search terms that were used included:  
 Para-occupational exposure (Search terms:  exposure pathways and herbicides/ 
pesticides non-occupational exposure pathways and herbicide/pesticides, para-
occupational exposure pathway, ‘take-home' exposure pathway, herbicide/pesticide 
residues, bystander exposure, home contamination, ‘take-home’ exposure and 
forestry/agricultural workers, ‘take-home’ exposure and children). 
 Health effects (Search terms: herbicides/pesticides and human health, health effects of 
para-occupational exposure, chronic health effects and herbicides/pesticides, children 
and herbicide/pesticide exposure; health effects of parental exposure to 
herbicides/pesticides, effects of herbicides on worker’s families). 
 Sources of para-occupational exposure – Personal Protective Equipment (PPE) (Search 
terms: PPE and forestry/agricultural workers, sources of herbicide/pesticide exposure; 
contaminated work clothing/PPE, soiled work clothing/PPE, cleaning/washing/laundering 
PPE, storage of PPE). 
 Training and behavioural interventions (Search terms: training interventions and 
forestry/agricultural workers, training to reduce ‘take-home’ pesticide/herbicide exposure 
risks, behavioural interventions and ‘take-home’ exposure). 
 Knowledge, attitudes, practices (KAP) (Search terms: worker’s KAP and ‘take-home’ 
herbicides/pesticides exposure, forestry/agricultural workers beliefs and ‘take-home’ 
exposure, workers perceptions of ‘take-home’ exposure risks, forestry/agricultural 
workers family’s perceptions of ‘take-home’ exposure risks, forestry/agricultural workers 
family’s KAP, behavioural interventions and ‘take-home’ exposure, workplace hygiene 
practices and ‘take-home’ exposure, home hygiene practices and ‘take-home’ 
exposure). 
 
Some reviewed studies led to other relevant articles, which were sourced from the bibliography 





1.2.2 Additional information sources 
 
Other information relating to the ‘take-home’ exposure pathway was sourced from the following:  
 Grey literature: conference abstracts, training manuals (e.g., La Familia Sana 
Promotora programme, Farm Family Exposure to Pesticides: A discussion with farm 
families – Pardue University), presentations and reports; 
 Dissertations; and 
 Chemical legislation from South Africa and the United States including summaries of 
legislation and reference sheets. 
 
Although the focus of the study was primarily on ‘take-home’ herbicide residue exposure risks 
amongst forestry workers and their families, most of the existing studies were conducted in 
agricultural populations. Inferences, however, were made from these studies as these workers 
are somewhat similar to forestry workers despite that their exposure risks (i.e., agricultural 
workers are exposed to a wider range of pesticides compared to forestry workers) and type of 
work differ. All studies reviewed on ‘take-home’ exposure risks were conducted in HICs and no 
studies, to the knowledge of the researcher, relating to this type of exposure were conducted in 
LMICs. Nonetheless, the literature from HICs was still relevant. The reviewed literature mostly 
referred to the collective term ‘pesticides’ rather than herbicides, but the literature on pesticides 
remained applicable.  
 
2. Exposure pathways  
 
Pesticide exposure may occur through the occupational (i.e., direct) and the non-occupational 
pathway (i.e., indirect). The occupational exposure pathway has been defined as workers 
coming into contact with pesticides at work during mixing, loading and application tasks. The 
non-occupational pathway refers to pesticide exposure occurring through indirect means and 





Four non-occupational exposure pathways have been identified and are namely:  
1. the drift pathway, where pesticide residues are transported to non-target organisms 
during application or transferred from the soil and plants by the wind following 
application (e.g., drift into the home);  
2. the residential pathway where pesticides are used or applied in the home or garden and 
residues are inhaled or settle on surfaces in the home; 
3. the dietary exposure pathway where food or drinking water contains residues which are 
then ingested; and 
4. the para-occupational ‘take-home’ exposure pathway where workplace residues are 
transported by workers into their homes (Arcury et al., 2007; DellaValle et al., 2012; 
Deziel et al., 2015). When residential areas are located close to treated fields, 
differentiating between the drift and the ‘take-home’ exposure pathway is difficult. In this 
study, however, it was possible to make a distinction between the two exposure 
pathways as the WfW participants cleared alien plant species using herbicides away 
from their homes.  
 
Although the levels of pesticide exposure within the non-occupational pathway are generally 
lower compared to the occupational pathway, these levels remain significant as chronic low-
dose exposure to pesticide residues has been associated with adverse health effects (e.g., 
cancers, diabetes, neurological symptoms, asthma, cognitive impairment and physical 
developmental effects) (Kim et al., 2017; Roberts and Karr, 2012).  
2.1 Para-occupational ‘take-home’ exposure  
 
Para-occupational exposure has been defined as indirect contact with workplace residues which 
workers transport on their skin, hair, clothing, shoes and vehicles from work into the home 
(Arcury et al., 2007; Arcury et al., 2009; Curl et al., 2002; Lu et al., 2000; Strong et al., 2009a; 
Strong et al., 2009b; Thompson et al., 2003; Thompson et al., 2008; Vida and Moretto, 2007). 
This exposure pathway has been identified as a distinct source of exposure for those living with 
workers, especially their spouses and children, as they come into contact with residues on 




2004; Coronado et al., 2006; Curl et al., 2002; El-Wakeil et al., 2013; Goldman et al., 2004; 
Lucas and Allen, 2009; Strong et al., 2009b; Ward et al., 2006). Of concern is that residues 
persist in the indoor environments for longer periods than in the external environment where 
they would normally undergo degradation by environmental processes (Arcury et al., 2014; 
Oliveira-Pasiani et al., 2012; Strong et al., 2008; Thompson et al., 2008). This increases the 
likelihood of worker’s families being continually exposed to pesticides in the home environment.  
 
Five studies conducted in HICs reported the presence of pesticide concentrations such as 
azinphosmethyl, a pesticide strictly restricted for agricultural pest control, in analysed workers’ 
house and vehicle dust samples. For example; Curl and colleagues (2002) identified 
azinphosmethyl concentrations in 85% of house dust samples and 87% of vehicle dust samples 
in participating farmworker households in Washington State, United States. This study provides 
evidence of worker’s transporting workplace chemicals into the home as the identified pesticides 
were limited to agricultural use and it was not likely that they were used for residential purposes. 
A further, two studies reported the contamination of worker’s homes, specifically with herbicides. 
Curwin et al. (2006) found higher concentrations of the herbicides atrazine, metolachlor, 
acetochlor, alachlor, glyphosphate and 2,4 D in the house dust of farmworkers homes 
compared to non-farmworkers homes in Iowa, United States. Secondly, Ward et al. (2006) 
noted the concentrations of six herbicides in 85% of agricultural worker’s homes compared to 
non-agricultural workers also in Iowa, United States. Both Ward et al. (2006) and Curwin et al. 
(2006) reported that the identified herbicide concentrations were strictly for agricultural use. The 
findings from the abovementioned studies provide further supporting evidence of pesticides 
used at the workplace being tracked into farmworker’s homes and  unintentionally exposing 
their families to residues. Additional evidence from a comparative study amongst agricultural 
and non-agricultural homes in central Washington State, United States documented that all 




compared to reference homes (Lu et al., 2000). A critical finding from the same study that raises 
a concern for the ‘take-home’ pathway is that pesticide residues were present in all households 
where one of the family members was employed as an agricultural worker. These findings 
suggest that agricultural worker’s families or those who live with the workers are inequitably 
exposed to workplace residues including the associated health effects compared to the families 
of workers who were not agricultural workers. 
2.2 Sources of exposure: Personal Protective Equipment   
 
 
The sources of exposure for worker’s families through the para-occupational pathway include: 
worker’s skin, hair, work clothing, shoes and vehicles. In a study with farmworker households in 
eastern North Carolina, United States, work vehicles were identified as one of the main sources 
of pesticide exposure for worker’s families (Arcury et al., 2007). Within the WfW programme, 
however, workers are transported from designated areas to the sites where they clear alien 
vegetation using a common work vehicle, that is in most cases, owned by the contractor. 
Therefore, workers are not likely to use a personal vehicle for work. Although the WfW work 
vehicle may be a source of exposure for the workers, it is not a source of exposure for worker’s 
families. Instead, a potential source of exposure for their families may be workers’ Personal 
Protective Equipment (PPE).  
 
PPE is clothing or equipment specifically designed to protect workers from the risks of exposure 
to residues and other hazardous activities (Carpenter et al., 2002; Damalas and Abdollahzadeh, 
2016; DellaValle et al., 2012; MacFarlane et al., 2008; Tondl and Schulze 2008). PPE provided 
to WfW forestry workers includes; protective clothing (i.e., trousers and long sleeved coat), 
safety boots, chemical resistant gloves, respirators, goggles and a hard hat (Andrade-Rivas and 
Rother, 2015). Those who live with workers may also be indirectly exposed to residues through 




Liu et al. 2014; Tondl and Schulze, 2008). Arbuckle et al. (2006) found a correlation between 
the door handle in farmworker’s homes in Ontario, Canada and the presence of residues in the 
urine samples of all household members. The same study further reported the association 
between children’s urinary residue concentrations and both bathroom and kitchen facilities 
(Arbuckle et al., 2006). These findings demonstrate that household members who used the 
same facilities and surfaces as workers were exposed to residues in the home. Since residues 
are mostly not visible, WfW worker’s families may not be aware that household surfaces are 
contaminated.  
2.3 Para-occupational exposure and worker’s families  
 
 
Women and children in particular have been identified as being more at risk of para-
occupational exposure to pesticide residues (Lebov et al., 2015; Quandt et al., 2013a; Tondl 
and Schulze, 2008). This is because women are exposed through the tasks they undertake in 
the home (e.g., laundering PPE and house cleaning) and may be pregnant, breastfeeding or 
immune compromised. The CHAMACOS study involving pregnant women living in farming 
communities in Salinas Valley California, United States reported that all women enrolled in the 
study had detectable levels of urinary organophosphate metabolites during their pregnancy 
(Castorina et al., 2003). Eighty seven percent of these women reported that they lived in a home 
where one of the household members worked as an agricultural worker (Castorina et al., 2003). 
This is of significance as the implication is that their unborn babies undergoing rapid 
development may have been at risk of exposure to pesticide residues and the associated health 
effects, such as neurodevelopmental or physical developmental effects (Roberts and Karr, 
2012).  
 
Of concern, is that infants and children are at increased risk of exposure from contaminated 




systems, unique diets and distinctly different behaviours compared to adults (e.g., hand to 
mouth behaviours) (Arcury et al., 2007; Arbuckle et al., 2004; Curl et al., 2002; Strong et al., 
2008; Thompson et al., 2003; Vida and Moretto, 2007). Research conducted in Yakima Valley 
Washington, United States found that the urinary metabolites of children approximated the 
levels of pesticide metabolites in adults that lived in the same household; for example, 88% of 
the urine samples of children had dimethylthiophosphate (DMTP) compared to 92% of the adult 
samples (Curl et al., 2002). These findings suggest that the exposure levels for children living in 
farmworker households were similar to exposure levels farmworkers had in the workplace. This 
not only substantiates the view that children have higher absorption rates than adults but is 
indicative of the danger of children being indirectly exposed to residues. Furthermore, given that 
residues persist in the indoor environment for longer periods, contaminated surfaces in the 
home may serve as a continuous source of exposure for children through the dermal (i.e., skin), 
oral (e.g., hand-to-mouth behaviours) and respiratory routes and possibly result in adverse 
health effects. 
 
3. Health effects  
 
 
Health risks that are associated with any chemical compound are a function of its toxicity and 
the extent of exposure (Hubal et al., 2000; Tondl and Schulze, 2008). The risk of and severity of 
health effects that result from pesticide exposure are dependent on numerous factors which 
include personal characteristics such as age, health status, type of pesticide, extent of exposure 




Exposure to residues may result in acute or chronic health effects. Acute effects are 
characterised by immediate and visible physical symptoms such as respiratory problems 




whereas chronic health effects mostly result from extended periods of exposure that may lead to 
neurological disorders, reproductive effects or cancers (Arcury et al., 2007; Arcury et al., 2009; 
Helmus et al., 2009). Limited epidemiological evidence exists on the effects of long term 
exposure to pesticides and the resulting chronic health effects in humans (Arcury et al., 2009; 
Helmus, 2009; MacFarlane et al., 2013). This is mainly due to the complexity of measuring 
exposure using biological methods and that existing evidence relied on self-reported 
questionnaires to determine causality from past exposures (Arcury et al., 2009; MacFarlane et 
al., 2013; Oesterlund et al., 2014). Consequently, most studies fail to provide evidence on the 
levels and frequency of exposure, lacked exposure specificity which resulted in diluted effects 
and inappropriately classified health outcomes (Arbuckle et al., 2004; Arcury et al., 2009; 
MacFarlane et al., 2013; Nweke and Sanders, 2009; Oesterlund et al., 2014; Roberts and Karr, 
2012). This suggests that even when workers and their families are consistently exposed to 
residues including the harmful effects, accurately quantifying this exposure and its effects are 
limited. The impact of inappropriately defined health outcomes may be greater in LMICs where 
there is poor regulation and surveillance of pesticide use. Hence, it is important that pesticide 
exposure in LMICs is reduced.  
 
WfW forestry workers primarily use herbicides and exploring the literature of the associated 
health effects was of relevance to understand the risks to which workers and their families may 
be exposed. Exposure to herbicide compounds in adults has been associated with: 
 cancers (e.g., bladder cancer, colon cancer, breast cancer, stomach cancer, leukaemia 
and non-Hodgkins lymphoma) (Alavanja et al., 2004; Kim et al., 2017); 
 neurological symptoms (e.g., Parkinson’s disease and increased meningioma in women) 
(Kim et al., 2017), asthma (e.g., bronchial hyperactivity and ocular nasal symptoms) 
(Kim et al., 2017); 
 diabetes (e.g., type 2 diabetes and its co-morbidities, incident diabetes and gestational 




 other effects (e.g., inhibition of spermatogenesis, reduction in sperm activities and testis 
weight, damaging sperm DNA, spontaneous miscarriage, infant deaths, risk of anxiety 
and depression leading to suicide, endocrine disruptions and end-stage renal disease) 
(Kim et al., 2017; Naidoo et al., 2011; Lebov et al., 2015; London et al., 2012; Nweke 
and Sanders, 2009).  
A critical finding from a study conducted amongst applicators’ female spouses in Iowa and North 
Carolina, United States, found that 0.3% developed end-stage renal disease as a result of their 
husbands using the herbicides paraquat and butylate (Lebov et al., 2015). The reviewed studies 
described the associated health effects of acute and chronic low-dose herbicide exposure 
specifically amongst workers (Alavanja et al., 2004; Kim et al., 2017; London et al., 2012; 
Naidoo et al., 2011). It was concerning that the majority of the described health outcomes in the 
reviewed studies were severe chronic health effects. Although the levels of indirect exposure 
amongst worker’s families differ and are less compared to workers’ direct exposures, families 
remain at risk of the associated health effects as highlighted by Lebov et al. (2015). Thus, 
absence of visible immediate symptoms amongst worker’s families may not be an indication of 
wellbeing as they may still be at risk of developing adverse health effects from ‘take-home’ 
exposure at later stages.  
Since children are more vulnerable to exposure, understanding the effects of exposure on their 
health was important, particularly in the context of LMICs where children may already be 
predisposed to disease due to factors such as poverty. Exploring the effects of herbicide 
exposure in children was relevant for this review as WfW workers mainly use herbicides. In 
general, the effects of exposure in children have been linked to their physiological systems, 
namely – the nervous, respiratory and metabolic systems which are undergoing development 
(Kim et al., 2017; McCauley et al., 2006; Roberts and Karr, 2012). Thus, there is a concern 





Herbicide exposure in children has been associated with the following health outcomes:  
 childhood cancers (e.g., leukaemia, neuroblastoma, increased risk of central nervous 
system tumours); 
 neurodevelopment/neurobehavioural effects (e.g., attention deficit/hyperactivity disorder 
(ADHD)); 
 cognitive impairment (e.g., verbal comprehension and working memory at later stages); 
 physical development effects (e.g., spontaneous abortion, orofacial clefts, limb defects 
and neural tube defects); and  
 endocrine effects (e.g., endocrine mimicking effects) and asthma (Kim et al., 2017; 
London et al., 2012; Mostafalou and Abdollahi, 2016; Roberts and Karr, 2012). 
These findings demonstrate the detrimental effects for children of potential direct and indirect 
herbicide exposure. Interestingly, these effects of exposure, that somewhat mimic the health 
effects in adults directly exposed to residues at the workplace, were as a result of indirect 
exposure. Few studies exist which show the link between parental pesticide exposure and the 
development of adverse health effects in children (Mostafalou and Abdollahi, 2016; Roberts and 
Karr, 2012). Still, these studies do not explicitly state that these links were observed as a result 
of the ‘take-home’ pathway.  
Given the abovementioned evidence that shows the associated health effects of pesticide 
exposure, various approaches are needed in order to prevent and reduce the risks of ‘take-
home’ exposure amongst workers and their families.  
 
4. Exposure reduction measures 
 
 
As workers are a conduit for ‘take-home’ exposures, reducing their exposures and residue 
contamination remains key. Workers, especially in LMICs, do not adequately protect themselves 
and their families from pesticide exposure and the resulting health effects. It has been 
suggested that this is a result of poor knowledge, incorrect understandings and beliefs regarding 




legislative support (Damalas and Abdollahzadeh, 2016; Lekei et al., 2014). Existing literature on 
training and behavioural interventions at work and home and legislation, specific to ‘take-home’ 
exposure was reviewed to identify effective approaches and strategies to reduce this type of 
exposure among workers and their families. 
4.1 Training 
 
Training was identified in the literature as a key intervention for increasing and enhancing 
worker’s knowledge of exposure risks and how they could prevent these. This was supported by 
the findings of Strong et al. (2008), where it was observed that pesticide safety training provided 
to farmworkers in Yakima Valley, Washington, United States was directly related to their home 
protective practices (e.g., 83% reported that they always washed their work clothes separately 
from household laundry). A subsequent study involving farmworker households in the same 
region reported that female spouses adopted safety practices in the home as a result of the 
training provided to their husbands at work (Strong et al., 2009b). Another study noted that 
launders were not aware of the specific preventative measures they could apply in order to 
reduce exposure to residues when this was not communicated by workers (Tondl and Schulze, 
2008). Therefore, incorporating information related to ‘take-home’ exposure in the standard 
training provided to workers may be an effective strategy for raising awareness of the risks of 
exposure amongst worker’s families. This could motivate workers to adopt safety practices to 
reduce the risk of families’ exposure. The findings from the reviewed studies also highlight the 
importance of workers taking responsibility in informing their families of the risks of exposure.  
4.2 Workplace hygiene facilities  
 
In addition to occupational safety training provided to workers to influence their safety practices, 
contextual and structural factors at the workplace were identified as a critical determinant of 




These included the presence or absence of hygiene facilities such as hand wash facilities, 
changing areas, storage rooms for work clothes including PPE, laundry or washing facilities, 
showers as well as the employer’s commitment to promoting safety behaviours amongst 
workers (DellaValle et al., 2012; Thompson et al., 2003; Salvatore et al., 2008). This was well 
demonstrated by Thompson et al. (2003) who reported that applicators were more likely to take 
precautionary measures than workers who were not involved in pesticide handling activities as 
applicators were provided hygiene facilities. The limitation, however, of using a selective 
approach when providing workers with these facilities based on the type of work they undertake 
is that workers share responsibilities. Thus, workers who are not designated as applicators may 
undertake handling activities but may not be permitted to use hygiene facilities for applicators. 
Furthermore, defining exposure levels on the basis of certain occupational tasks and using this 
as a determining factor in the provision of hygiene facilities is likely to result in the unequal 
distribution of protective measures exposure for workers and ultimately their families. A study 
conducted by Carpenter et al. (2002) amongst farmers in six Midwestern States in the United 
States, identified that the majority of farmers did not have decontamination stations or hygiene 
facilities and as a result the most common place where PPE was stored was in the homes of 
these workers. Given that the nature of forestry work tends to be short-term (Quandt et al., 
2013b) and mostly conducted in isolated locations, there may be difficulties in providing workers 
with hygiene facilities at the workplace. Consequently, workers take and store their PPE at 
home, including contaminated PPE. On the contrary, a recent study amongst migrant and 
seasonal farmworkers in North Carolina, United States, showed that even when facilities were 
available for workers to use, workers only used these facilities 35% of the time before eating 
and 13% of the time before drinking (Walton et al., 2016). Therefore, there may be other 
individual factors that need to be considered in developing interventions to reduce exposure, as 
the provision of facilities did not seem to be the only factor that influenced workers to engage in 




4.3 Workers family’s behavioural practices 
 
Targeting interventions in worker’s homes and amongst their families may be an additional 
strategy for reducing ‘take-home’ exposure risks. Of the few studies aimed at reducing exposure 
risks through home hygiene practices most alluded to the difficulty of changing workers and 
their family’s behavioural practices at home (Arcury et al., 2009; Cabrera and Leckie, 2009; 
Fenske et al., 2013; Salvatore et al., 2009; Snipes et al., 2009; Strong et al., 2009b). For 
example, a study amongst agricultural workers in Lower Yakima Valley, Washington State, 
United States reported that workers delayed showering after work as they believed that the 
body should be given time to cool down before showering as this could cause pain in the bones 
and joints (Snipes et al., 2009). These findings suggest that the individual beliefs and views held 
by workers and their families may hinder the effectiveness of safety practices aimed at reducing 
exposure risks. As a result ‘take-home’ exposure risks may be unintentionally propagated in the 
home. The working conditions of WfW workers are characterised by hot weather and workers 
may hold similar beliefs that could impact their ability to adopt safety practices. A behavioural 
intervention study, the La Familia Promotora programme, found that the training provided to 
mothers from farmworker families in five counties in North West Carolina and in three counties 
in Virginia, United States was not effective in enhancing their pesticide knowledge and the 
associated health effects especially health effects in children (Arcury et al., 2009). For example, 
the difference in mother’s knowledge of the effects of pesticide exposure in children before and 
after the intervention was not significant (i.e., p = 0.057). Still, a recent study by Coronado et al. 
(2012) amongst orchard workers in Yakima Valley, Washington, United States reported that 
high compliance to home hygiene safety practices (e.g., handwashing practices and glove use) 
was not associated with the urinary dimethylthiophospate (DMTP) concentrations in 
farmworkers and their children, as well as the levels of azinphosmethyl (AZM) concentration in 




observed no correlation between home hygiene practices and the reduction of pesticide 
concentrations in house dust and children’s urinary concentration levels. The findings of these 
studies suggest that behavioural interventions, such as training worker’s families as a single 
intervention, may not be effective in reducing exposure risks. The findings further support the 
support the view that there may be personal factors amongst workers and their families which 
have the potential to limit the effectiveness of the interventions. Another study involving women 
farmworkers identified factors such as; health beliefs, perceived lack of control, differing abilities 
to change the behaviours of their spouses and cultural dynamics that may be a hindrance to the 
implementation of safety practices in the home (Strong et al., 2009a). An important 
consideration raised by the abovementioned studies is that interventions need to take into 
account the social context in which recommended safe hygiene behaviours occur as there may 
be many external factors that have the potential to limit the effectiveness of these 
recommendations in reducing exposure risks.  
     
The findings of the reviewed studies assessing both workplace and home hygiene practices 
raise questions for future research regarding the most appropriate practices that should be 
implemented in order to interrupt the ‘take-home’ pathway; whether both workplace and home 
hygiene practices should be employed as a combined intervention. Furthermore, the literature 
demonstrated that changes in work and home practices intended to reduce residue exposure 
were not likely to be sustained in the absence of the enforcement of existing safety regulations 
and the implementation of new targeted regulations. 
5. Chemical legislation  
 
Legislation is a vital legal basis for promoting the control and enforcement of policies and 
regulations to protect workers, as well as establishing relevant standards and controls. 




workplace standard operating procedures) and more importantly, that these interventions 
remain sustained (WHO, 2010). Thus, in addition to workplace and home interventions aimed at 
reducing ‘take-home’ residue exposure, legislation which addresses ‘take-home’ exposure may 
be instrumental in reducing this type exposure. As an additional mechanism to reduce ‘take-
home’ residue exposure risks; the existing national legislation in South Africa (S.A.) was 
examined in light of international legislation, specifically the United States (U.S.) legislation as 
this was the only legislation, to the knowledge of the researcher, which made reference to ‘take-
home’ exposure risks.  
The prevention and management of exposure to chemical substances at the workplace in South 
Africa is guided by three policies: 1) the Occupational Health and Safety Act (OHSA) (Act no.85 
of 1993) (see Appendix F), 2) the Hazardous Chemicals Regulations, 1995 (see Appendix G), 
and 3) the Pesticide Management Policy for South Africa, 2010 (see Appendix H). The United 
States (U.S.) is guided by the Environmental Protection Agency Agricultural Worker Protection 
Standard (WPS), 2015 (see Appendix I). The existing literature on ‘take-home’ exposure is 
mostly from studies conducted in the U.S. hence the reference and comparison to the U.S 
legislation. There was limited literature on ‘take-home’ exposure from other regions.  The 
comparison of the legislation is discussed below.  
5.1 Legislative occupational exposure provisions 
 
5.1.1 Personal Protective Equipment provisions  
 
In terms of the maintenance and care of PPE; the S.A. Hazardous Chemicals Regulations 
(1995) is more specific regarding the responsibility of the employer than workers. Although this 
responsibility is appropriately allocated, the limitation is that the provisions do not address how 
workers themselves should care and maintain their PPE to reduce contamination. This is 




decontamination facilities at worksites. On the contrary, the U.S. WPS (2015) includes 
provisions that specify how workers should care for their PPE (e.g., if PPE will be re-used, clean 
it before each day of re-use). The legislation further states that employers should not allow 
workers to take used PPE home; however, this is only relevant to pesticide handlers and not all 
workers. 
5.1.2 Hygiene facility provisions 
 
The provision of decontamination facilities at worksites is essential, as this enables workers to 
wash and change in order to reduce exposure risks prior to going home. The Hazardous 
Chemical Substances Regulations (1995) states that employers are responsible for providing 
workers with containers or storage facilities for PPE when the PPE is not in use and that it 
should be stored in a designated place. Furthermore, it states that as far as is reasonably 
practical, workers should be provided with washing facilities, separate lockers for work and 
personal clothing as well as separate change rooms for soiled work clothing. Since the 
legislation states that the employer ‘may provide hygiene facilities as is reasonably practical’, 
employers are not necessarily obliged to provide these facilities to workers. The regulations 
narrow the recommendations for hygiene facilities to employers who provide these facilities, but 
fail to provide recommendations in instances where these facilities are not available at 
worksites. The U.S. WPS, on the other hand, requires employers to provide all workers with one 
gallon of water for decontamination purposes. However, the standard still differentiates 
provision of all other hygiene facilities on the basis of occupational task. This is a concern as 
workers share responsibilities and may be exposed to the similar exposure risks as pesticide 
handlers. Due to not being designated handlers, however, they may not be permitted to use 





5.1.3 Legislative training provisions  
 
As discussed, training is vital for educating workers on the risks of exposure and the 
precautions they may take to minimise risks. According to the S.A. legislation and the U.S. 
legislation, all workers are expected to undergo training which informs them of their tasks, the 
hazards of their work (e.g., the risk of exposure to harmful substances) and the precautions 
workers may take to reduce these hazards. The U.S. WPS (2015) mandates that expanded 
training should be provided to workers and include the aspects of reducing ‘take-home’ 
specifically from contaminated work clothing. The Hazardous Chemicals Regulations (1995) 
states that workers should be trained on the health risks that may arise from exposure as well 
as protective measures they may take to protect themselves. Although the scope of the S.A. 
training appears to be exhaustive in informing workers of the associated risks of exposure the 
legislation makes no reference to the training addressing potential ‘take-home’ residue exposure 
risks. Thus, if the training workers receive does not cover critical aspects such as the risk of 
exposure outside of the workplace and amongst their families, workers are likely to know how to 
employ minimal protective measures to reduce exposure.  
5.2 Legislative ‘take-home’ provisions 
 
In relation to specific legislation on preventing pesticide residues being taken home from work, 
the legislation is less specific. The S.A. OHSA (1993) places the responsibility of protecting non-
employees on the employer. The legislation states that the employer is                                                                             
responsible for protecting non-employees who may be affected by the activities of the employer. 
These include contractors or delivery or service workers who visit the workplace and also 
members of the public who live in close proximity or pass by the activities of the employers. 
Although this legislation by definition allows itself to extend its scope to the protection of worker 




Furthermore, it is not specific to the protection of worker’s families from ‘take-home’ residue 
exposure.  
In terms of the responsibility of workers, the S.A. legislation specifies that they are responsible 
for taking care of their health and the health of others. However, the legislation is not specific to 
who this ‘other’ constitutes and lends itself to different interpretations. On the other hand, the 
U.S. WPS establishes a number of regulations both for workers and their families that are 
specific to the prevention and reduction of ‘take-home’ exposure risks. The recommendations 
specific to workers include training that covers the use of protective clothing at work, removal of 
work clothing and shoes immediately after work, washing or showering with both water and 
soap, washing hair and changing into clean clothes. Those specific to worker’s families include 
washing and storing work clothes separately from household laundry, dry cleaning PPE before 
storing. Furthermore, the WPS requires employers to specifically inform handler’s families of the 
following: that PPE may possibly be contaminated with residues, the health effects of pesticide 
exposure and precautionary measures (e.g., correct procedures for decontamination and 
cleaning of PPE) worker’s families should undertake when handling contaminated work clothing. 
It is of importance to note that the U.S. WPS has undergone numerous revisions since it came 
into effect in 1992 and recently revised in 2015. Initially, the U.S. legislation was specific to 
protecting workers from pesticide exposure at the workplace but has since expanded its scope 
to protecting worker’s families from exposure to workplace residues, unintentionally carried into 
the home by workers. 
The comparison of S.A. the national legislation with U.S. legislation demonstrates that 
significant gaps exist in the S.A. legislation and opportunities to strengthen protection of workers 
and their families. The S.A. legislation lacks specificity in regard to the outlined regulations and 
is not comprehensive in terms of the scope they cover. That is, only occupational exposure risks 




It was further noted that the S.A. chemical legislation that was developed 20 years ago and 
possibly out of date continues to be the same legislation that is used to inform current practice. 
Thus, the main distinguishing factor in the S.A. legislation compared to the U.S. legislation is 
that none of the S.A. chemical legislation specifically addressed the aspect of ‘take-home’ 
residue exposure risks amongst workers and their families, whereas the U.S. WPS (2015) 
covers this within its scope recognizing that this is an important exposure pathway that 
employers could prevent. 
 
6. Discussion and identified gaps in literature  
 
The reviewed literature confirmed that the ‘take-home’ exposure pathway is a risk factor for 
exposure and its associated adverse health effects for workers and their families, especially 
children (Arbuckle et al., 2004; Coronado et al., 2006; Curl et al., 2002; El-Wakeil et al., 2013; 
Goldman et al., 2004; Lucas and Allen, 2009; Strong et al., 2009b; Ward et al., 2006). The 
strength of the evidence regarding this exposure pathway was that studies attempted to assess 
the problem from varied perspectives, some employed biological sampling methods (Bradman 
et al., 2007; Bradman et al., 2009; Lu et al., 2000) whilst others used environmental sampling 
methods (Arbuckle et al., 2006; Curl et al., 2002; Liu et al., 2014; Lu et al., 2004; Thompson et 
al., 2003). Still others used observational methods (Walton et al., 2016). All studies were in 
agreement in terms of para-occupational exposure being a risk for workers and their families 
and no studies were found, to the knowledge of the researcher, which disputed this pathway of 
exposure.  
 
Although the literature described the various sources of exposure for worker’s families (Arcury 
et al., 2007; Coronado et al., 2006; Curl et al., 2002; Hubal et al., 2000; Quiros-Alcala et al., 
2011; Roberts and Karr et al., 2012; Simcox et al., 1995; Strong et al., 2009a; Vida and Moretto, 




for worker’s families (Deziel et al., 2015; Tondl and Schulze 2008). The scope of these studies 
were also limited to launderers of the work clothing and thus did not holistically characterise 
contaminated work clothing as a potential source of exposure for all those living with workers. 
Therefore, the extent to which contaminated PPE was a source of exposure for worker’s 
families was not well defined in the literature.  
 
Overall, the reported evidence on herbicide exposure and the development of adverse health 
effects was not without its limitations. Two studies reviewing evidence related to exposure and 
the associated health effects both reported that in some cases the findings were contradictory or 
inconclusive (Mostafalou and Abdollahi, 2016; Roberts and Karr, 2012). This pointed to the 
need for further research in this regard. Evidence relating to health effects resulting from 
herbicide exposure amongst forestry workers was limited. No studies assessed the health 
effects of low-dose herbicide residue exposure as a result of the ‘take-home’ pathway amongst 
forestry worker’s families. Even evidence regarding the associated health effects of ‘take-home’ 
exposure amongst agricultural populations was limited, as only one study was found to 
demonstrate the associated health effects of ‘take-home’ exposure (Lebov et al., 2015). 
Additional studies investigating herbicide health effects specifically as a result of the ‘take-home’ 
pathway should be undertaken in order to appropriately define the health effects of ‘para-
occupational’ exposure.   
The expectation that training alone would be sufficient to change worker’s behaviours failed to 
take into account that there were external factors (e.g., absence or provision of hygiene facilities 
at work) which contributed to the change in worker’s practices (Thompson et al., 2003; 
Salvatore et al., 2008). Existing evidence that demonstrated workplace behavioural 
interventions were studies specifically conducted in agricultural populations with no intervention 
studies conducted amongst forestry worker populations. There was limited research and 




home practices; only one behavioural intervention study evaluated the combination of workplace 
and home practices as outlined in the U.S. WPS (2015) as a means to reduce exposure 
amongst worker’s families (Coronado et al., 2012). Although this study found that these 
combined practices were not effective in reducing exposure in the homes of workers, 
conclusions cannot be made on the basis of the findings of one study. Therefore, further 
investigation on the success of combined interventions is needed.  
The standards regulating use of hazardous chemicals differ from country to country; thus 
countries can only be held accountable to the provisions and recommendations outlined in their 
country specific policy frameworks (Naidoo et al., 2010). This is a challenge particularly when 
national legislation is not on par with progressive international legislation (e.g., U.S. WPS) as in 
the case of South Africa, which does not cover the prevention and reduction of ‘take-home’ 
exposure amongst workers and their families. The absence of addressing ‘take-home’ exposure 
in the S.A. legislation may also be indicative of the lack of evidence that this type of exposure is 
a threat to worker’s families in S.A. 
 
7. Conclusion  
 
 
The existing literature from HICs clearly demonstrated the risk of ‘take-home’ exposure and its 
associated health effects amongst workers and their families. This was mainly as a result of 
residues being transported from the workplace into the home. This problem was well 
characterised in HICs (e.g., United States and Canada) particularly amongst agricultural 
workers (i.e., farmworkers) and their families who use multiple types of pesticides. The extent to 
which para-occupational exposure may be a risk amongst workers and their families, particularly 
forestry workers and their families, in LMICs such as South Africa, however, is not known. The 
absence of evidence related to ‘take-home’ exposure in LMICs has resulted in critical omissions 




interventions to reduce herbicide exposure and its associated effects being limited to the 
workplace. These limitations in the existing evidence necessitates the need for research that 
appropriately characterises the issue of ‘take-home’ exposure amongst workers and their 
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Para-occupational ‘take-home’ exposure risks amongst forestry workers and their families in 
Low-and middle-income countries (LMICs) are not well characterised. This is a concern as 
research shows there is an association between chronic low-dose herbicide exposure and 
adverse health effects. This study explored ‘take-home’ herbicide residue exposure risks 
amongst forestry workers in the Western Cape, South Africa using components of the 
community based participatory research approach, photovoice. Low compliance to safety 
practices at worksites was identified as the main risk factor for ‘take-home’ exposure. This study 
demonstrated evidence related to workers’ ‘taking-home’ herbicide residues and exposing their 
families to potential health risks from low-dose exposures. 
 
Highlights  
 Para-occupational ‘take-home’ herbicide residue exposure risks is occurring amongst 
South African forestry worker’s families. 
 Self-taken photographs are useful a method for documenting ‘take-home’ exposure 
risks.  
 Low compliance to safety practices at work was identified as the main risk factor for 
‘take-home’ herbicide residue exposure risks. 
 Workplace policies and standard operating procedures did not cover aspects related to 
‘take-home’ exposure risks.  
 National legislation has not established standards and regulations related to preventing 
‘take-home’ exposure risks.   
 
Key words  
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Personal Protective Equipment (PPE)  
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Herbicides are a pesticide used extensively to eradicate and manage invasive alien plant 
species. Unintentional exposure to herbicide residues, however, may be harmful to non-target 
organisms (Damalas and Abdollahzadeh, 2016; Kim et al., 2017; Lucas and Allen, 2009). This 
includes humans who work with or come into contact with residues. Worker’s families in 
particular may be exposed to herbicide residues at home through the para-occupational ‘take-
home’ exposure pathway. This is despite the home being perceived to be safe from workplace 
exposures. Furthermore, evidence is increasingly showing an association between herbicide 
exposure and the development of adverse health effects (Alavanja et al., 2004; Kim et al., 2017; 
Lebov et al., 2015; London et al., 2012; Mostafalou and Abdollahi, 2016; Naidoo et al., 2011). 
This represents a significant public health problem, particularly in Low-and middle-income 
countries (LMICs) where the actual incidence of occupational and non-occupational poisoning is 
not well documented. Pesticide exposure risks in LMICs have been linked to weak legislative 
and policy frameworks that regulate use, inadequate training, limited access to information and 
education, and minimal use of personal protective equipment (PPE) amongst others (Andrade-
Rivas and Rother,  2015; Ecobichon, 2001; London and Rother, 2001). Research on ‘take-
home’ exposure risks among agricultural populations in High-income countries (HICs) has been 
extensive. Given existing evidence of ‘take-home’’ exposure risks in agricultural related 
research, the assumption is that forestry workers and their families also experience similar risks. 
The extent to which ‘take-home’ herbicide residue exposure is a risk factor amongst forestry 
workers and their families in LMICs, however, is not known. This research documented a group 
of forestry workers practices employed under the South African Working for Water (WfW) 
programme which primarily uses herbicides in the removal of alien plant species. It focuses on 




as a means of identifying potential ‘take-home’ herbicide residue exposure risks for their 
families.  
1.1 Para-occupational ‘take-home’ exposure  
Para-occupational ‘take-home’ exposure has been defined as indirect exposure that occurs 
when workers unintentionally transport pesticide residues on their skin, hair, clothing, shoes and 
vehicles from the workplace into their homes (Arcury et al., 2007; Arcury et al., 2009; Curl et al., 
2002; Lu et al., 2000; Nweke and Sanders, 2009; Roberts and Karr, 2012; Strong et al., 2009a; 
Strong et al., 2009b; Thompson et al., 2003; Thompson et al., 2008; Vida and Moretto, 2007). 
Concern for this exposure pathway was initially raised in 1995 by a Centers for Disease Control 
National Institute for Occupational Safety and Health (NIOSH) study. The study highlighted the 
contamination of worker’s homes with workplace chemicals, including pesticides in 28 countries 
and 36 states in the United States (NIOSH, 1995; NIOSH, 2002). Subsequent research 
conducted in High-income countries (HICs) confirms that pesticides, such as herbicides, 
accumulate in worker’s homes (Arbuckle et al., 2004; Curl et al., 2002; Curwin et al., 2005; Lu et 
al., 2000; Simcox et al., 1995; Strong et al., 2007; Thompson et al., 2003; Thompson et al., 
2008; Vida and Moretto, 2007; Ward et al., 2006). Although unintentional, this exposes their 
families to workplace residues and the resulting health risks. Children, particularly, have been 
identified as having increased health risks to these exposures. This is mainly due to their high 
rates of metabolism, developing immune systems and distinctly different behaviours (e.g., hand 
to mouth practices, playing on the floor) compared to adults (Arcury et al., 2007; Arbuckle et al., 
2004; Curl et al., 2002; Strong et al., 2008; Thompson et al., 2003; Vida and Moretto, 2007). 
Children spend extensive time indoors which is concerning, as a study amongst farmworkers in 
North Carolina provided evidence of the persistence of pesticides in the indoor environment 
(Arcury et al., 2014). Concentrations of occupational pesticides no longer registered for use in 




families may continually be exposed to residues long after pesticides have been transported into 
the home. The evidence further shows the difficulty of effectively decontaminating worker’s 
homes once residues have entered. Following the pioneering work of the NIOSH study (1995), 
the findings of Arcury et al. (2014) confirm that ‘take-home’ pesticide exposure remains a risk to 
workers and their families, thus a public health problem. 
1.2 Personal Protective Equipment as a source of ‘take-home’ exposure  
Despite Personal Protective Equipment (PPE) being an important workplace exposure risk 
reduction measure, it may also be a source of ‘take-home’ residues (Bradman et al., 2009; 
MacFarlane et al., 2008). A study by Curwin et al. (2005) amongst farmworkers in Iowa U.S 
provided evidence of herbicide residues (i.e., atrazine, metolachlor, glyphosate, and 2,4-D) 
being tracked into the homes of farmworkers on their clothing and boots. The study noted that 
the entrance ways, change areas and laundry rooms in farm homes had higher concentrations 
of herbicide residues compared to other rooms in the home (Curwin et al., 2005). Another study 
by Curl et al. (2002) in Yakima Valley, Washington found a strong association between 
azinphosmethyl concentrations detected in the vehicle dust and in the house dust. These 
findings demonstrate that workers transport workplace residues on their PPE into the home and 
contaminate household surfaces used by other household members (Arbuckle et al., 2006; 
Bradman et al., 2009; Liu et al., 2014; Tondl and Schulze, 2008).  
1.3 Herbicide exposure and chronic health effects 
 
Long term, low-dose exposure to pesticides, such as herbicides, has been associated with 
chronic health effects. These are characterised by mild symptoms which remain unrecognised 
for long periods, as they are similar to common health illnesses (Helmus, 2009). Thus, the 
extent and severity of herbicide exposure risks are still not widely known in LMICs (Helmus, 




residues, has been associated with the following health effects: non-Hodgkin lymphoma, 
Parkinson’s Disease, asthma, type 2 diabetes, bladder, colon and breast cancers; end stage 
renal disease, increased risk of anxiety and depression resulting in suicide, spontaneous 
miscarriage and increased infant deaths (Alavanja et al., 2004; Kim et al., 2017; Lebov et al., 
2015; London et al., 2012; Mostafalou and Abdollahi, 2016; Naidoo et al., 2011). Studies have 
further reported the development of adverse health effects in children as a result of parental 
herbicide exposure. These effects include: leukemia, increased risk of childhood brain defects, 
adverse neurodevelopmental and neurobehavioral outcomes including attention 
deficit/hyperactivity disorder (ADHD), cognitive impairment, birth defects (e.g., orofacial clefts), 
asthma and endocrine mimicking effects (Kim et al., 2017; London et al., 2012; Roberts and 
Karr, 2012). Limited evidence, however, exists which ascertains the extent of these health 
effects attributed to ‘take-home’ exposure. Only one study conducted in Iowa and North 
Carolina, U.S. examined the health effects of ‘take-home’ exposure amongst workers families. 
The study followed a group of herbicide applicators and their female spouses over a period of 
five years and found that long term exposure to paraquat and butylate was associated with the 
development of end-stage renal disease amongst their female spouses who had never had 
direct contact with these herbicides (Lebov et al., 2015). Although the levels of exposure for 
worker’s families are indirect and therefore considered less compared to direct exposures by 
workers, they remain at risk of the associated health effects from indirect exposure to residues. 
Therefore, the absence of visible immediate symptoms by family members may not be an 
indication of no risk, as they may develop adverse health effects from ‘take-home’ exposure at a 
later stage.  
2. Methods 
This study took place between February and May 2016 as part of a larger research project, 




the parent study focused on investigating factors related to worker’s occupational herbicide 
exposure risks (Andrade-Rivas and Rother, 2015). However none of these studies made 
reference to non-occupational exposure risks.  
 
2.1 Research setting 
This study was conducted at four study sites in the Western Cape Province, South Africa: 
Gouda, Citrusdal, Liesbeek Rivers and Westlake (Figure 1). The Western Cape is located in the 
south-western part of South Africa, and it is the fourth largest province out of nine in terms of 
land area (129, 449 square kilometres) and also has the fourth largest population (5.82 million 
people) in the country (Stats SA, 2012; Western Province, 2005). In terms of topography, the 
province lies between parallel ranges of sandstone folded mountains which vary in height from 
1000m to 2300m. The landscape is characterised by semi-desert conditions in the west and 
north and forests on the periphery of the southern coastline. The province is also rich in 
biological diversity and has varied vegetation (Western Cape Province, 2005). The increasing 
presence of invasive alien plant species, however, poses a threat to the biodiversity of the 
province and the country as a whole as these plants affect both terrestrial and freshwater 
ecosystems (van Wilgen et al., 2001). To address this issue, the national Working for Water 
(WfW) programme was introduced to remove, control and manage invasive alien plant species 
and restore indigenous low water consuming vegetation (van Wilgen et al., 2012). Contracted 
forestry workers under the WfW programme make of use chemical control methods (e.g., 
herbicides) to manage alien plant species. The estimated volume of herbicide use per hectare is 
as follows: medium infestation is 75%, sparse infestation is 50%, scattered infestation 25%, very 










Figure 1: Location of the study sites in the Western Cape Province, South Africa. 
 
2.2 Study population  
The study population comprised of 37 WfW forestry workers from four research sites (Table 1). 
To be included in the study participants had to be: 1) community members recruited by 
contractors under the WfW programme, 2) responsible for either mixing, handling or spraying 
tasks, and 3) involved in clearing alien vegetation at one of the four study sites. Participants 
were selected in consultation with the WfW management, using purposive sampling methods. 
Female workers comprised 65% of study participants. More than half of the study participants 












Table 1: Study participant demographics by research site  
Research Site Total Participants (N=37) Sex Language 
Citrusdal  11 
Males = 5 
Afrikaans  
Females = 6 
Gouda (de Hock estate)  10 
Males = 4 
English  
Females = 6 
Liesbeek River   8 
Males = 1 Afrikaans (1) 
English (7)  Females = 7 
Westlake  8 
Males = 3  
isiXhosa 
Females = 5 
 
2.3 Data collection     
The data for this research were collected through a photovoice approach and a document 
review.  
2.3.1 Photovoice approach 
This study used aspects of the photovoice research method to document WfW forestry workers 
and their families herbicide ‘take-home’ exposure risks. Photovoice is a community-based 
participatory research (CBPR) approach that uses visual methods to raise community concerns 
such health or environmental concerns. It aims to address existing inequities and ultimately 
drive social change (Catalani and Minkler, 2010; Dennis et al., 2009; Stedman-Smith et al., 
2012; Wang and Pies, 2004). Through photovoice, community participants are provided with 
cameras to photograph the reality of their life and work circumstances (Wang and Pies, 2004; 
Mitchell and Sommer, 2016). By visually representing their concerns, participants are enabled to 
express their views and influence decisions. Photovoice has been instrumental in empowering 
marginalised communities by enabling them to contribute to change within their communities 




Each participant was issued with a disposable camera which contained 27 exposures. 
Thereafter, they were provided with basic training on how to use a camera and photo taking 
etiquette by fieldworkers who were conversant in Afrikaans and isiXhosa. Participants used the 
cameras to document their practices related to the care and maintenance of PPE for the 
duration of one week. This was followed by four focus group discussions, one per worksite, 
where the photographs they captured were presented to them. It is important to note that the 
participant’s faces in the photographs were blurred out to ensure that workers were protected 
from being easily identified.  Each focus group consisted of approximately 10 WfW workers. The 
sessions were facilitated by the research staff and fieldworkers guided by the Photovoice Focus 
Group Guide (see Appendix C) and lasted approximately 1.5 to 2 hours. Focus group 
participants were requested to respond to general questions and more specific questions 
regarding the photographs they had taken (see Appendix C). This enabled participants to 
interpret the photographs, openly discuss their views and critically engage on what they saw. 
These focus group discussions were audio-recorded with the permission of the study 
participants. The worker’s employment was not placed at risk as a result of their participation in 
the study. The WfW management were aware that the scope of the study involved workers 
taking photographs of their work and home environment as part of strategies to improve their 
working conditions. This study adapted one of the pillars of photovoice research, social action – 
that is, the participant’s did not engage directly with policy makers and officials on the risks of 
‘take-home’ exposure as documented in their photographs during the focus group discussions.  
2.3.2 Document review  
Eight WfW programme documents2 were selected and included in the study on the basis of 
being the key operational and training documents that are relevant to WfW workers. They were 
                                                          
2
 The eight WfW programme documents that were assessed are as follows: 1) SANS 10118, 2011; 2) Policy on the 




assessed for information related to ‘take-home’ residue exposure risks. These included 
workplace policies (e.g., WfW programme HIV and AIDS policy), standard guidelines for 
contractors, guidelines for training and information and educational material. In addition, three 
national chemical policies and one United States (U.S.) chemical policy were reviewed to 
assess provisions related to ‘take-home’ exposure risks. The national legislation was specifically 
compared to the U.S. legislation as this was the only legislation, to the knowledge of the 
researchers, which made reference to ‘take-home’ exposure risks.  
2.4 Data analysis 
Data analysis was comprised of three phases: 1) analysis of key WfW programme documents 
and national and international policies, 2) participant-led analysis of self-taken photographs 
during focus group discussions, and 3) researchers’ analysis of all photographs captured by 
participants. Data from all three phases were imported into the qualitative data analysis 
software, Nvivo 11 and were sorted, organised and coded. Thematic analysis was used to code 
findings from the focus group discussions and the photographs taken by participants. This 
assisted in identifying, analysing and reporting the recurring themes emerging from the data.  
Following the document review, the second phase of data analysis was mainly driven by the 
participants. This involved a) contextualising the photographs, where participants conveyed their 
opinions of the visual representation of their families being exposed to workplace residues at 
home with an attempt to link this to underlying causes, and b) coding photographs where 
common themes that arose were categorised and grouped (Catalani and Minkler, 2010). The 
transcripts of all four focus group discussions were compared and contrasted. Although, study 
                                                                                                                                                                                           
equipment: Sprayer operator pocket book, 2003 4) First aiders and occupational health services facilities, 2012; 5) 
WfW workplace HIV/AIDS policy, 2004; 6) WfW rules and regulations, 2012; 7) WfW induction training manual; 8)  




would have benefitted from comparisons across the different worksites, this was beyond the 
scope of the study. 
Since this study adapted traditional photovoice methods, the third phase involved the analysis of 
the entire dataset of the photographs taken by participants. This was used as a means to 
validate the key themes identified by the participants. Additionally, it was used to identify key 
factors related to ‘take-home’ herbicide exposure risks for worker’s families which participants 
had not identified. This phase provided a basis of ensuring that the photographs rather than the 
participant’s transcripts answered the research question (Catalani and Minkler, 2010).  
This study was granted ethics approval by the University of Cape Town Health Science Faculty 
Human Research Ethics Committee (HREC Ref: 114/2017). Written informed consent was 
obtained from all study participants in their preferred language prior to agreeing to take part in 
the study.  
3. Results and discussion  
This section presents the findings and discussion of the document review and those emanating 
from photographs analysed by the participants and researchers.  
3.1 Document review findings 
3.1.1 Absence of ‘take-home’ exposure in workplace policies 
The absence of information related to the risk of ‘take-home’ residue exposure was identified as 
a key gap in the existing WfW programme documents and South African national chemical 
legislation. The topics covered in the WfW Standard Operating Procedures (SOPs) 
predominately focused on aspects related to the risks of herbicides to the environment and 
worker’s health in general. The SOPs further recommended exposure reduction measures for 




addressed ‘take-home’ exposure risks and provided risk reduction measures. Neither was ‘take-
home’ exposure included in the information and education material issued to workers, such as 
the Pesticide safety and application equipment: Sprayer operator pocket book, 2003. The 
remaining WfW programme documents reviewed (e.g., SANS 10118, 2011; First aiders and 
occupational health services facilities, 2012 and the WfW Invasive Plant Management - 
Treatment Methods, 2007) also did not cover the aspect of ‘take-home’ exposure risks. In 
relation to non-worker exposures, one document (i.e., Policy on the use of herbicides and 
mycoherbicides for the control of alien vegetation, 2012) emphasised the need to inform those 
living near to treated areas of exposure risks.  
3.1.2 Lack of policy support  
National legislation relevant for pesticide exposure risks also does not address the issue of 
para-occupational exposures and potential health risks. In South Africa (S.A.), the prevention 
and management of occupational pesticide exposure is guided by the following legislation: the 
Occupational Health and Safety Act (OHSA) (Act no.85 of 1993), the Hazardous Chemicals 
Regulations (1995) and the Pesticide Management Policy for South Africa (2010). To illustrate 
the gaps, the S.A. legislation was compared to the relevant legislation in the United States 
(U.S.) is for pesticides which is guided the Environmental Protection Agency (EPA) Agricultural 
Worker Protection Standard (WPS) (2015) and previously the Worker’s Families Protection Act, 
1992 (Table 2). The existing literature on ‘take-home’ exposure is mostly from studies 
conducted in the U.S. hence the reference and comparison to the U.S. legislation. There was 
limited literature on ‘take-home’ exposure from other regions.  The table below further highlights 
the variance in the availability of provisions related to occupational exposure in the legislation 






Table 2: Comparison of S.A. and U.S. legislative provisions for occupational and non-occupational exposure 
 
Chemical  Legislation 
Provisions 
United States South Africa 
Occupational Exposure 
(Protection of workers) 
1) Environmental Protection 
Agency, Agricultural Worker 
Protection Standard (2015) 
1) Occupational Health and Safety 
Act (Act no.85 of 1993) 
2) Hazardous Chemical 
Substances Regulations (1995) 
3) Pesticide management policy for 
South Africa (2010) formally 
Fertilizers, farm feeds, 
agricultural remedies and stock 
remedies Act (Act no.36 of 
1947) 
Non-occupational 
Exposure                      
(Protection of worker’s 
families) 
1) Worker’s Families Protection 
Act (1992)  
2) Environmental Protection 
Agency,  Agricultural Worker 
Protection Standard (2015) 
1) None  
 
Training was identified as the standard approach that is used in both countries to inform workers 
of risks of exposure. It was noted, however, that the training provisions in the S.A. legislation do 
not address ‘take-home’ residue exposure risks. On the contrary, the U.S. WPS (2015) requires 
employers to train workers on the risks of ‘take-home’ exposure and the sources of exposure 
such as contaminated work clothing. This training encompasses practices they and their 
families may take to prevent and reduce exposure at home (e.g., washing and storing work 
clothes separately from household laundry and dry cleaning PPE before storing). To aid workers 
in reducing occupational exposure risks, the U.S. WPS (2015) further requires employers to 
provide hygiene facilities at worksites for decontamination purposes. These include a gallon of 
water, soap and single-use towels. According to the S.A. chemical legislation, employers are not 




recommended practices for workers to reduce exposure when these facilities are not available 
at work.  
PPE is a key source of take home residues. The U.S. WPS (2015) specifies the employer’s 
responsibility for the care and maintenance of PPE. It further mandates employers to inform 
those (e.g., worker’s families) who clean PPE at home of the recommended decontamination 
procedures. Similar to the U.S., the S.A. legislation is clear regarding the responsibility of the 
employer in maintenance and care of PPE in relation to the workers having adequate and 
functional equipment. A limitation, however, is that the S.A. legislation does not provide 
guidance for workers maintaining or cleaning PPE in a non-work context so as to reduce the 
likelihood of residues being transported home. 
Thus, the main distinguishing factor between the S.A. and U.S. legislation is that the S.A. 
chemical legislation falls short of recognising ‘take-home’ exposure risks for workers and their 
families. This may have been the main reason for the exclusion of ‘take-home’ exposure risks in 
the WfW programme documentation. Furthermore, this was likely to influence WfW workers 
practices at work and home, that is, whether they would undertake precautions to reduce ‘take-
home’ exposure. A survey conducted amongst farmers in five Midwestern States in the U.S. 
observed two factors namely, government regulations and concerns for other family members 
that motivated workers to adhere to workplace requirements (Carpenter et al., 2002). This raises 
an important argument for workers in S.A. given that the existing chemical legislation does not 
cover ‘take-home’ exposure. Furthermore, workplace programme documents aligned to the 
country chemical legislation also omit ‘take-home’ residue exposure risks. Consequently, 
workers may not be aware of the risks of this type of exposure for their families through the 
training they receive at work and may not be motivated to employ protective measures to reduce 
exposure risks. Therefore, incorporating provisions related to ‘take-home’ exposure in the 




prevention measure for reducing ‘take-home’ residue exposure. Of importance, is that the 
absence of provisions related to ‘take-home’ exposure risks in the S.A. chemical legislation may 
be indicative of the lack of evidence that ‘take-home’ exposure is a problem in the country.  
3.2 Photograph findings 
 
Three main themes emerged during the focus group discussions related to ‘take-home’ 
herbicide residue exposure risks.  These are: 1) worker’s workplace practices, 2) worker’s after 
work behaviours, and 3) home hygiene practices. Three sub-themes were further identified 
under the main theme of home-hygiene practices which included: laundering practices, laundry 
drying practices and storage practices. The identified themes from the focus group discussions 
correlated with those emerging from the analysis of the entire body of photographs by 
researchers. However, an additional theme was identified through the analysis by the 
researchers namely; worker’s living conditions.  
3.2.1 Workplace practices   
All 37 participants visually documented their use of PPE at their respective worksites in order to 
identify practices that may be a risk for ‘take-home’ exposure. Several photographs revealed 
workers not implementing the minimum precautionary measures such as the use of gloves and 
long sleeved t-shirts whilst engaged in mixing spraying tasks (Photo 1). Failure to adhere to the 
required PPE during these tasks resulted in exposure to herbicide residues through the dermal 
route. Thus, residues which settled on worker’s skin may have been transported into their 
homes serving as a source of ‘take-home’ exposure for their families. Female workers were 
more likely to wear full PPE which included trousers, long sleeved coat, safety boots, chemical 
resistant gloves, goggles and a hard hat than to their male counterparts. No workers wore the 
prescribed respirators whilst mixing, pouring or handling herbicide formulations. This illustrates 




route. Although this was not likely to be a source of exposure for their families, workers 
themselves were at risk of the harmful effects of exposure. Despite PPE being a protective 
measure against exposure, worker’s workplace behaviours during handling and mixing may 
result in PPE being a source of ‘take-home’ exposure for their families, particularly when 
contaminated. One participant had blue herbicide dye spots3 on the back of his PPE from 
carrying a back-sprayer machine, depicting the spillage of the herbicide formulations at work. 
Since workers take their PPE home, their families may be exposed to residues transported on 
the workers clothing. These findings were consistent with other studies which have shown a 
direct link between worker’s practices at work and the risk of pesticide exposure amongst their 
families (Arbuckle et al., 2006; Damalas and Abdollahzadeh, 2016; Naidoo et al., 2010). An 
evaluation of a community-based participatory worksite-intervention conducted in Lower Yakima 
Valley, Washington State, U.S described that workers who wore complete PPE had lower levels 
of dimethyl alkylphosphates (DMAP) and malathion dicarboxylic acid (MDA) concentrations in 
their urine (Strong et al., 2009b). This was as a result of PPE contributing to the reduction of 
residues being absorbed through the dermal route. Therefore, worker’s compliance to the 
required PPE remains an important contributing factor in reducing ‘take-home’ exposure risks 
amongst worker’s families.   
Another important exposure contributing factor was the worker’s working conditions such as 
forest terrain (Photo 1). Decontamination and hygiene facilities (e.g., washing, changing 
facilities) were not available at the participants’ worksites. This impacted the worker’s ability to 
carry out hygiene practices at work and all workers had to take their PPE home, including 
contaminated PPE, despite the S.A. chemical legislation not being specific to how workers 
should care for and maintain their PPE. Salvatore et al. (2008) raised a critical point, that over 
and above providing training, contextual and structural factors such as the provision of hygiene 
                                                          
3
 Blue dye is mixed with herbicide formulations and assists with measuring the amount of herbicide formulation 




facilities, influenced whether workers consistently carried out recommended practices. 
Therefore, the provision of hygiene facilities at worksites may be one of the key interventions to 
reduce the likelihood of residues being transported into worker’s homes. Given the transient 
nature of forestry work and the difficulty of having fixed hygiene facilities, mobile 




        
3.2.2 Post work behaviours  
 
An additional theme identified by workers emerging from the photos for potential ‘take-home’ 
residue exposure risks was post work behaviours. These included worker’s practices related to 
their care and maintenance of PPE when they arrive home after work. Just under half (i.e., 43%) 
of workers wore their PPE inside the home. Photographs showed workers did not always 
change or shower immediately after work at home.  
 
“Some days it is too hot to wash your body right after work 
because one is just sweating too much” (WfW worker A, 
Citrusdal). 
 
These findings correlated with the results of a study amongst agricultural workers in Lower 
Yakima Valley, Washington State, U.S. which reported that workers delayed showering at their 
Photo 1: Dermal exposure to herbicide 




homes after work. They believed that the body should be given time to cool down before 
showering as this could cause pain in the bones and joints (Snipes et al., 2009). A study by 
Strong et al. (2009a) in farmworker households also in Lower Yakima Valley, Washington State, 
U.S. found that showering immediately after work was contrary to the majority of women’s 
health beliefs. An important consideration raised by the findings of this study and the 
abovementioned studies is that worker’s perceptions as well as their social context largely 
determine whether they practice recommended safety behaviours. Thus, interventions to reduce 
exposure risks would need to take these factors into cognisance as they have potential to limit 
the effectiveness of these recommendations. 
 
One of the participants photographed their boots being removed before they entered the home. 
However, it was not clear whether this practice was related to precautionary measures to 
reduce ‘take-home’ exposure risks or other reasons such as their general cleanliness culture. 
Still, this practice was an anomaly as numerous photographs illustrated worker’s entering their 
homes whilst wearing work boots (this included visibly soiled work boots).  Other items of PPE 
(e.g., trousers and long sleeve coats) were often left out in the open on household surfaces 
such as the bed. Studies have documented similar findings, describing that the majority of 
workers entered their homes whilst wearing work clothing (Fenske et al., 2013; Quiros-Alcala et 
al., 2011; Salvatore et al., 2009). Of concern, is Photo 2 which illustrates a participant sitting on 
a household surface wearing contaminated PPE, indicated by the blue dye (added to all WfW 
herbicides) spots on the t-shirt. Blue spots were also noted on the worker’s arms and hands 
indicative of direct exposure at work and potentially high residues. This provided clear evidence 
of this worker (and potentially others) transporting herbicide residues into their homes. The risk, 







The inconsistencies in the participants’ post work behaviours were indicative of their lack of 
knowledge of ‘take-home’ exposure risks and practices to reduce exposure risks amongst their 
families. A study amongst farmworkers in Salinas Valley, California, U.S., however, reported 
that even when workers received training on general safety practices, the majority still wore their 
work boots inside the home (Cabrera and Leckie, 2009). These findings demonstrate the 
complexities involved in changing workers behaviours at home, even when workers are well 
informed of ‘take-home’ exposure risks. The findings further indicate the difficulty in workers 
understanding that even though residues are not visible, they may be harmful leading to 
adverse health effects for their families or continued exposure. Thus, addressing worker’s 
practices (e.g., mandatory changing, washing or storing of PPE) at work may be more effective 
in reducing ‘take-home’ herbicide exposure risks as control measures may be more easily 
enforced at the workplace.  
3.2.3 Home hygiene practices 
 
Home hygiene practices in relation to the care and maintenance of PPE was the third theme 
identified through the focus group discussions with participants. Laundering practices, laundry 
Photo 2: Herbicide residues (blue) on worker’s 




drying practices and storage practices of clean and contaminated PPE were the three sub-




Due to the absence of decontamination and washing facilities at worksites, all WfW workers 
washed their PPE at home. In most cases, women washed the PPE. Although all workers had 
access to water to wash their PPE at home, the distance of the water facilities varied. Some 
participants had running water in their homes whilst others used communal water taps. The 
majority (i.e., 35) of participants hand-washed their PPE and only two workers used washing 
machines. It was noted that those who hand-washed their PPE did not wear chemical resistant 
gloves to protect themselves from dermal exposure to herbicide residues. It was likely these 
launderers were exposed to residues that had remained on the PPE. These findings were 
similar to those observed by Tondl and Schulze (2008) in a study amongst applicators and 
launderers in Nebraska, U.S., where 80% of workers did not wear waterproof or chemical 
resistant gloves whilst laundering contaminated work clothing. Of the 37 participants in the 
study, 18 (49%) laundered PPE separately from household laundry whereas 4 (11%) 
participants mixed their PPE with household laundry (Photo 3). The photographs showing the 
laundering practices of the remaining participants had to be discarded and could not be included 
in the study due to the quality of photographs taken. Interestingly, both participants in this study 
that used washing machines mixed their PPE with household laundry. The above findings 
suggest that some workers were aware of the risks of mixing household laundry with 
contaminated PPE and therefore employed protective measures to reduce residue exposure 
risks. It was a concern that some workers mixed household laundry with their PPE whilst 
washing. A study amongst farmworkers in Monterey County, California, U.S. observed similar 
findings and reported that only six percent of workers in their study washed work clothes 




workers washed their PPE separately from household laundry, these findings and those of 
Walton et al. (2016) indicate that a significant number of workers were unaware that residues 
remaining on their work clothing may be transferred to household laundry. The findings further 
indicate that there were other factors that contributed to workers not employing protective 
practices. During group discussions, participants emphasised challenges relating to washing 
PPE separately from household laundry. 
 
“Washing PPE separately means many trips to fetch water and 






Water used to wash PPE was in some cases a source of exposure for worker’s families 
especially children. One of the participant’s children was photographed touching the 
contaminated water used to launder PPE (Photo 4).  
Photo 3: WfW PPE mixed with household laundry 




                                                                
 
 
Laundry drying practices  
 
Practices related to drying washed PPE were inconsistent. Some workers dried PPE together 
with household laundry (Photo 5) whilst others dried it separately. During focus group 
discussions, participants held the view that drying PPE together with household laundry did not 
pose a risk, stating that they were unaware that residues may remain on washed PPE and be 
transferable to household laundry. However, one of the workers specifically dried their children’s 
laundry on a separate washing line from PPE (Photo 6). 
  
                  
 
 
Photo 4: Child (right) touching contaminated 
PPE water.   
Photo 5: Washed PPE hung to dry with 
household laundry   
Photo 6: Children’s laundry hung separate 






Although some workers washed, cleaned and dried their PPE separately from household 
laundry, the majority workers did not place their clean PPE in separate storage facilities. As a 
result, PPE was stored with clean household laundry (Photo 7). Similar to the view held 
regarding drying practices, participants’ indicated that the reasons they packed and stored 
washed PPE with household laundry was because they believed that the washed PPE no 
longer had residues that could be transferred to household laundry. There was only one 
instance where a worker stored their PPE in a separate cubicle from household laundry.  
 
“PPE is placed in the cupboard after washing because the belief 




                                     
There was little evidence in the existing literature of the effectiveness of home hygiene practices 
in reducing ‘take-home’ exposure risks. A community based intervention, ‘The For Healthy Kids’ 
study in Eastern Washington State, U.S. found that the U.S. chemical legislation recommended 
practices such as removing work shoes and laundering work clothing separately from household 
laundry were not associated with the reduction in urinary dimethylthiophospate (DMTP) 
concentrations in farmworkers and their children and azinphosmethyl (AZM) concentrations in 




the house dust (Coronado et al., 2012). This inconclusive evidence further supports the need for 
interventions to prevent and reduce ‘take-home’ exposure to be targeted at the workplace where 
exposures occur. Still, this does not remove the need to inform worker’s families of ‘take-home’ 
residue exposure risks. Similar to the U.S. WPS (2015), WfW worker’s families should be 
informed that: PPE may be contaminated with toxic herbicide residues, what the associated 
health effects of herbicide exposure are, what precautions families may take to prevent and 
reduce exposure risks, and low-risk cleaning practices and decontamination processes for 
contaminated PPE. Workers may be mandated to inform their families of the recommended 
safety practices to reduce ‘take-home’ exposure risks after workers have received training. 
Furthermore, supplemental educational material related to this type of exposure risk may be 
issued to workers to share with their families. Further research is needed on effective methods 
of informing worker’s families of ‘take-home’ exposure risks which may translate to improved 
practices.   
3.2.4 Risk promoting living conditions  
A crucial theme emerged from photographs analysed by the researchers that the workers’ living 
conditions are a contributing factor to increasing health risks from ‘take-home’ residues. WfW 
workers predominately live in townships that are characterised by informal (i.e., shacks) and 
low-cost housing. It was noted that the space within their homes is limited due to size of the 
dwelling and overcrowding from multiple members living together. This may have contributed to 
their inability to employ protective practices. These included storing and washing PPE 
separately from household laundry in order to reduce herbicide exposure risks. Notably, most 
workers used old paint buckets to hand wash their PPE (Photo 8). Consequently, some workers 
had difficulty in properly removing residues and soil from PPE, for example, one participant’s 
washed PPE remained visibly stained by the dye added to WfW herbicides (Photo 9). Research 




current washing practices (e.g., handwashing) remove residues adequately. Workers also had 
limited space to dispose of the contaminated water.  
 
“We do not have drains or flush toilets so dirty water from 
washing PPE is thrown in refuse piles or holes around the home” 
(WfW worker H, Citrusdal). 
 
 
A study by Arcury et al. (2009) found that the homes of farmworkers had little space, and were 
in most cases shared amongst many other individuals. The study concludes that the living 
conditions of the farmworker families were neither supportive nor conducive for changing 
workers’ family practices. Although the primary recommendation for this study is that 
interventions to reduce ‘take-home’ exposure risks be targeted at the workplace, in reality 
integrated approaches may be needed. Therefore, workers’ living conditions are an important 
factor to consider in the design of interventions that reduce ‘take-home’ herbicide exposure 
risks, as these have potential to hinder or accelerate the effectiveness of interventions. Still, 
effective decontamination is most likely to take place at work.  
 
                                                   
3.3 Study limitations Photo 9: PPE remains contaminated even after 
hand-washing. 




This study illustrated some key factors promoting herbicide residue exposures occurring outside 
of the work environment. There were, however, the following limitations that should be 
addressed in future research. Photovoice is characterised by study participant’s involvement in 
different stages of the research process, including proposal development. Participants in this 
study were unable to contribute to the proposal development phase due to time constraints, 
which may have been a limitation in terms of incorporating their concerns as forestry workers. 
Participants, however, were involved in data collection and data analysis, which gave workers 
the opportunity to voice their concerns. The short duration of the study contributed to the 
inability of fully incorporating the aspect of social action. Participants did not engage with the 
WfW management regarding their concerns of ‘take-home’ exposure risks to their families. This 
engagement would have further empowered workers to contribute to the joint development of 
solutions to address ‘take-home’ residue exposure risks with management. This limitation 
should be addressed through follow-up studies.  
 
4. Conclusion  
This study provided evidence of ‘take-home’ herbicide residue exposure risks amongst South 
African WfW forestry workers and their families. Although this study focussed on South African 
forestry workers and their family’s exposure risks, the findings are applicable to LMIC workers in 
similar non-agricultural settings (e.g., forestry work). The findings highlighted the need for 
integrated approaches to reduce ‘take-home’ herbicide residue exposure risks, particularly 
where the work and living conditions are promoting factors in increasing potential health risks. 
These include revising the existing national chemical legislation to establish standards and 
regulations for reducing ‘take-home’ exposure risks. Secondly, incorporating ‘take-home’ 
exposure risks in workplace programme documents (e.g., standard operating procedures) and 
providing mobile hygiene facilities at worksites. In addition, training workers on ‘take-home’ 




ensuring workers inform their families of ‘take-home’ exposure and strategies to reduce 
exposure risks following the training they receive. The study findings also suggested that the 
toxicity of herbicides should be assessed during the registration process taking into account 
‘take-home’ herbicide exposure risks.   
 
To the knowledge of the authors, no other studies have assessed ‘take-home’ exposure risks 
amongst forestry workers and their families in LMICs, thus replication studies are needed in 
order to appropriately characterise this problem in low resourced settings. Furthermore, take-
home’ herbicide residue exposure risks in LMICs should be explored using other evidenced-
based research methods (e.g., biological and environmental sampling methods) in order to 
determine the extent of exposure amongst workers and their families.  
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Appendix A: Fieldworkers’ Photovoice Guide - September 2015 
 
Before giving the participants their cameras, please read the following information to inform 
yourself about the purpose of this research method.  If you have questions, please e-mail A/Prof 
Rother before handing the cameras out at andrea.rother@uct.ac.za. 
1. What is Photovoice? 
Photo-voice refers to photographs taken by the research participant (Working for Water 
workers) at the request of a researcher (A/Prof Rother). Usually the person taking the 
photograph is given a topic to take photos of.  In this case, we are interested in what Working 
for Water (WfW) workers do with their clothing and any equipment they have worn during the 
day while foliar spraying.  So in order to find this out, we are asking people to take pictures of 
what they are wearing when they go home, what they do with their clothes and equipment once 
home and to photograph the cleaning process (who does it, when and where, etc). 
We will develop the photos after which we will have focus groups with the WfW workers to ask 
them to tell us about their photographs.  Particularly we are interested in why they took the 
photo and the meaning of it. 
2. What must you the fieldworker tell the participants? 
2.1 Guide them on what photos to take but don’t tell them exactly what to take. 
We do not want participants to just go out and take the pictures you told them to take but rather 
to take pictures that answer the 3 questions below.  So you need to read the 3 questions to 
them and if they ask for suggestions (only if the ask!) then give some of the ideas listed under 
the questions below. 
Make sure you emphasize that the photos they take should only be linked to the work 
PPE/clothes/equipment.  There are only 27 pictures and so they must be careful not to just take 
a whole lot of pictures of one thing.  Guide them to take about 8 pictures for each of the 
following questions.  
Remember the questions below are not a strict guide. They should not be dictated to 





Question 1: What do you wear when you go to work, while you work and when you go 
home after work?  Take photos that show this 
 Think about your work environment and what you are wearing. 
 How do you dress up for work?  Show your feet too! 
 What do you wear at different times as you prepare for work, on the way to work, at 
work? 
 Do you change clothes during the day? How many times on a working day? 
 Take pictures of all the clothes you wear when you go to work.  Try to show if they are 
clean or have been used before. Show your feet! 
 Take pictures of yourself wearing what you normally where after foliar spraying to go 
home 
 Once home, do you change your clothes, when and where?  What happens to your work 
clothes? 
 
Question 2: How do you clean and store your PPE?  Please be detailed as to who washes 
the PPE, where, with what water, how are they dried and when this is done.  
 Show where you change your work clothes and when 
 Show where do you put your work PPE at home when dirty (before they are washed and 
if you will wear them again) and when clean 
 Show where do you clean and wash your PPE.  In house? Out of the house? At the 
community tap?  In the river? 
  Who most often does the washing of the PPE? 
 What containers are used for washing?  Show the containers after washing and where 
they are kept or what they are used for 
 Where are they hung after washing to dry? 
 Show where you store your work PPE and where you put your or your family’s clothes 
 Show anything else to washing, storing and cleaning PPE that you think is interesting.  
 
Question 3: How are your work clothes/PPE part of your home life and when you are out 
in the community in the evenings/weekends? 
 Focus on the area/neighbourhood you live in and what you are wearing.  Do you wear 




 Show your home and your home in your community. 
 Where are the water points?  Where do you get your water from 
 How many people use that water point? 
 Is there electricity? 
 Where is rubbish disposed of? 
*Remind participants that they can take two family or self-photos.  We will print one of them to 
give as a thank you. 
2.2 Give the participants some tips on the process of taking pictures such as: 
We would like people to take good and useful pictures but not everyone is familiar with how to 
use a disposable camera.  After teaching them how to use the camera, give them some useful 
tips on how to make sure the pictures they take are good.            
 To take good photographs tell participants to: 
 Try different angles 
 Keep the sun to their back or to the side 
 Check if their subject is the centre of their photo or if they should fill the entire photo. 
  
To avoid common mistakes, tell participants to: 
 Keep their fingers away from the camera lens 
 Do not cover the flash with their fingers or hand 
 Stand one to two meters from your subject 
 Wind the film forward before taking another picture as the camera does not do this 
automatically! 
 To avoid blurry pictures, hold the camera steady with your elbows to your sides, take a 
breath and hold it. 
 
2.3 Encourage participants to follow the following guidelines of photovoice ethics. 
 
To promote safety and respect tell the participants to: 
 Make sure you are safe when you take the picture. For example, you should be standing 
on a solid surface, not in the way of traffic/street and be aware of your surroundings 
 Ask for people’s permission before you take a picture of them 




 Be prepared to explain to your family and community what you are doing if they ask you 
 Respect the privacy and safety of those around you when taking pictures.  
3. What is expected of me the fieldworker? 
 Make sure the participants have read and understood the consent form 
 Make sure all consent forms are signed 
 Have two copies of the consent form, give one copy for the participants and one you 
keep to return to Prof Rother 
 Explain to the participants how to use the camera, show them how the camera is 
operated without taking the camera apart 
 Emphasize that it is disposable and can only be used once 
 Stress the importance of returning camera as it will provide us with important information 
to promote health and safety 
 Instruct participants to return cameras to contractors once they are full 
 Give participants information on what kind of pictures to take 
 Tell participants that they can take two (2) pictures of their choice (and that these photos 
are not for the purposes of this research and that the best one will be printed and 
presented to them). 
 
4. What do I do if there are questions I cannot answer? 
Tell the participants that you will contact the Primary Investigator (PI) and get back to them on 
their query.  
Or you can give the participants the contact details of the PI so they can contact her directly: 
A/Prof Andrea Rother 








Appendix B: Photovoice Participant Consent Form – July 2015 
 
Hello, my name is ……………………   I am from the University of Cape Town.  I am involved in 
a project that is studying the health and safety of workers employed by the Working for Water 
programme.  I would like to ask if you are ok with participating in this study. This study will not 
involve any harm or discomfort to you. 
Firstly, you will be given a throw-away camera we would like you to take photograph’s at home. 
I will explain to you what types of pictures to take but there is no right or wrong answer. You 
must please return the camera after a week or once all the photos are taken so that we can 
develop the photos. This will help us to understand how you use and clean your PPE so that we 
can help you to use it as safely as possible. As a ‘thank you’ for taking these pictures we ask 
you to take two pictures (NO MORE) of your family and we will print one for you to keep. 
Secondly, after you have taken all the photos on your camera, we would like to ask you to 
participate in a group discussion (called focus group) with other workers who will have taken 
photos. You will not be paid to participate but you will receive something to eat. There is no 
risk to your continued employment with Working for Water if you participate. Your 
participation is voluntary, which means that you can refuse to participate at any time.  We 
cannot control what members of the focus group say outside of the group so we cannot 
guarantee that what you say remains confidential. The focus group will be held during your work 
time and will take between 45 – 60 minutes.  
Your photos and discussion of these will help us to understand what you do with your PPE and 
work clothes once you are at home. This will help us to give you information on how to better 
wash and store your PPE at home. 
We would like to tape record the discussion if you are happy with this.   
May we tape record our discussion?               Yes.....  No...... 
We may also like to take photographs or a video of the discussion.  
Is it ok if we take photographs or a video?                 Yes......     No..... 
Would you like to participate in these two parts of this study?  Yes......     No.....   (If yes, 





If you have any questions about any part of the research, please contact: 
Study Principal Investigator: 
A/Professor Andrea Rother                                                             
School of Public Health and Family Medicine, University of Cape Town,  
E-mail: Andrea.Rother@uct.ac.za     T: (021) 406-6721 
OR 
Human Research Ethics Committee: 
Professor M Blockman, Chairperson, Health Sciences Faculty 
University of Cape Town, South Africa 
E-mail: shuretta.thomas@uct.ac.za T: (021) 406-6338; F: (021) 406-6411 
 
I, _____________________________ (name of fieldworker) have read and discussed this 
information sheet and consent form with     __________________________ (name of 
participant), and have explained to them that there is no risk to their continued employment 
with WFW if they participate in this study. Additionally, I explained they can withdraw from the 
study at any time and that there is no payment for being involved in the research. 
I, _______________________________ (name of participant) understand what has been 
explained to me and agree to take pictures at home for the purposes of this research, bring the 
camera back and discuss the pictures with the researcher on my own and in a group setting.  
____________________________________ (signature of participant) 
 
____________________________________ (signature of fieldworker) 
2015/___ /___ (date) 
 
Fieldworker to complete when handing over camera:  




Camera Number of this participant: __ __ 
Team leader’s name:    _________________________________________ 
Please take our camera home and take pictures of the following: 
 One picture outside your house 
 Pictures inside your house 
 Where you put your work PPE at home before you wash them 
 Where you put your work clothes after you wash them 
 Where you wash your clothes 
 Someone (maybe you?) washing your work clothes 
 The containers used for washing after you are finished cleaning your PPE 
 Please take one picture of your family (this photo is not for the purposes of this research. 
We will print this photo for you as a gift and thank you for your participation in this study 

















APPENDIX C: Photovoice Focus Group Guide - 2016 
Introduction  
Photovoice focus group discussions will be held with the study participants after they have 
handed over the captured photographs to the research team. The main aim of the focus groups 
is to present and discuss a selection of the photographs that the Working for Water (WfW) 
workers captured in a group setting. This will allow participants to reflect and share their 
insights, understandings and opinions of what they see in the photographs. The focus group 
discussions will consist of about 10 participants (depending on the number of WfW workers at 
the specific site) and will be held at worksites in Gouda, Citrusdaal, Liesbeek River and 
Westlake. Therefore the purpose of this Photovoice Focus Group Discussion Facilitation Guide 
is to assist you regarding the process that should be followed when conducting the discussions.  
Please read the following information to inform yourself about the photovoice focus group 
discussions.  If you have questions, please e-mail A/Prof Rother before the focus groups take 
place at andrea.rother@uct.ac.za.  
Focus Group Discussion Format  
A compilation of selected photographs, sorted into categories, will be shown to participants in 
the focus groups in the form of a powerpoint presentation. This will serve as the basis for the 
discussions that will take place. It is important to note that the faces in the photographs will be 
blurred out to ensure that workers are protected from being easily identified. Participant 
discussions will be guided by general questions and more specific questions around the 
captured photographs. It is expected that each focus group discussion should last for 
approximately 1.5 to 2 hours and will be audio recorded in order to develop transcipts of what 
was discussed. Since the allocated time for the focus groups is limited, it is important that you 
monitor the discussions for each of the images that will be displayed.  
The procedure for the focus group discussions is described below and consists of the 
recommended actions, questions and times for each phase dicussion: 
Welcome and introductions (10 minutes) – Beginning the focus group discussion 
Display powerpoint presentation title slide on the screen  
 Welcome everyone and thank them for attending the discussion 




 Inform participants that the discussion will take between 1.5 to 2 hours and the session 
will be audio recorded so that there is an accurate record of everyones contributions 
 Briefly expain and remind the participants of the overall study aim namely; to identity the 
risk of ‘take-home’ herbicide exposure amongst workers families and worker’s practices 
that may be related to this pathway  
 Explain that the focus group process will involve viewing selected captured photographs 
which they will be expected to react to 
 Emphasise that you are interested in their immediate reactions and opinions to what 
they see. That you would like to hear their thoughts  
 Encourage participants to be at ease and inform them that there are no right or wrong 
answers and that all participant’s answers are of value. The aim is not that everyone 
reach an agreement on what is discussed but to hear the range of opinions since 
everyone thinks differently 
 Explain that their opinions will remain anonymous and will only be used by research 
team as an additional source of information when analysing the photographs.  
 
‘AT WORK’ (45 minutes) 
1. Working with herbicides 
Questions will depend on the photographs that were taken, but should highlight issues of 
wrong/no PPE use in relation to WfW standard operating procedures, sun/heat, mixing, washing 
hands, eating, and residues on skin. 
General questions  
 What is happening in this photo (the intention is for workers to indicate whether they 
aware of safety practices to prevent home contamination)?  
 Why do you think this photo was taken?  
 What is wrong with this picture? 
Specific questions  
 What practices at work expose workers to herbicides? Is there anything wrong with 




 What types of PPE should be worn when mixing, handling or spraying herbicides? Are 
workers aware if there are risks (health) that may arise if they expose themselves 
directly to herbicides? 
 What are workers personal hygiene behaviours? How often do they wash their hands? 
Do they wash their hands before eating or drinking? 
 What could the worker do differently to not come into contact with herbicides? 
 Do workers attempt to reduce exposure at work through their practices?  
 Allow 7 minutes of discussion for each photograph (repeating the above questions) 
 
‘AT HOME’ (45 minutes) 
The questions should highlight issues of herbicide exposure in the home related to 
contaminated PPE, safety practices to prevent or reduce exposure such as storing or washing 
household laundry separately from PPE, exposure risks to children and disposing contaminated 
water.   
General questions  
 What is happening in this photo (the intention is for workers to indicate whether they 
aware of safety practices to prevent home contamination)?  
 Why do you think this photo was taken?  
 What is wrong with this picture? 
 
Specific questions  
 What are worker’s storage and laundry practices? Is it fine to store or wash household 
laundry with contaminated PPE or not?  Why or why not?  
 Are they aware of the risk of children being exposed to herbicides? Do workers take 
further measures to specifically protect children from being exposed to contaminated 
PPE?  
 What safety practices do workers carry out to prevent herbicide exposure in the home? 
Is it important to prevent household surfaces from being contaminated? Why or why not? 
 What could the worker do differently both at home and at work to prevent or reduce 
home herbicide exposure in the home? 





Display slides number 25-29  
 Which is the correct type of PPE that workers should use? What is the risk of using 
incorrect PPE 
Conclusion  
After all photographs have been presented and commented on, thank participants and officially 
close the discussion.  
What do I do if there are questions I cannot answer? 
Tell the participants that you will contact the Primary Investigator (PI) and get back to them on 
their query.  
Or you can give the participants the contact details of the PI so they can contact her directly: 
A/Prof Andrea Rother 















Tips for Facilitating Focus Group Discussion 
Creating a comfortable environment   
 Emphasise that you are looking for immediate reactions and that there are no right of 
wrong answers 
 Ease the formality of the session by explaining that the focus group as similar to a  ‘chat’  
 Place yourself as part of the group  
 Encourage freedom in reactions to the questions – if there is silence after first showing 
of a photograph, ask whether there are ‘first thoughts? – what came to mind first?’   
 
Encouraging participation  
 Briefly repeat the guiding questions as each photograph is discussed. Alternatively 
displayed questions so participants can refer to them 
 Pay attention to the participants, whether they are attentive to you and to each other and 
if they eager or reluctant to voice themselves. Give attention to even quiet participants 
so that all participants contribute to the discussion 
 Tactfully guide and limit discussions to keep to time. If there is still time left after all have 
responded, follow-ups and clarifications can be sought 
 
Producing useful opinions  
 Encourage participants to share their perceptions, beliefs, opinions and attitudes. Even 
when a participants says ‘I don’t know’ encourage them to say what has come to mind  
 Quickly follow-up general statements like ‘its very nice’ with a request for more specific 
qualities – like ‘what do you think makes it nice’ 
 Discourage arguments, by stressing that all opinions are valid and refocus participants 
on topic 
 When participants voice subjective statement such ‘I don’t like using gloves when 
washing laundry’ attempt to follow up with a ‘why’ question?. It’s more useful for to know 
for instance that the participants find use of gloves impractical when handwashing rather 
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prepare lists of articles including abstracts for internal circulation within their institutions. 
Permission of the Publisher is required for resale or distribution outside the institution and for all 
other derivative works, including compilations and translations. If excerpts from other 
copyrighted works are included, the author(s) must obtain written permission from the copyright 
owners and credit the source(s) in the article. Elsevier has preprinted forms for use by authors 
in these cases. For open access articles: Upon acceptance of an article, authors will be asked 
to complete an 'Exclusive License Agreement' (more information). Permitted third party reuse of 
open access articles is determined by the author's choice of user license. 
 
Author rights 
As an author you (or your employer or institution) have certain rights to reuse your work. More 
information.  
 
Elsevier supports responsible sharing 
Find out how you can share your research published in Elsevier journals. 
 
Role of the funding source 
You are requested to identify who provided financial support for the conduct of the research 
and/or preparation of the article and to briefly describe the role of the sponsor(s), if any, in study 
design; in the collection, analysis and interpretation of data; in the writing of the report; and in 
the decision to submit the article for publication. If the funding source(s) had no such 
involvement then this should be stated. 
 
Funding body agreements and policies 
Elsevier has established a number of agreements with funding bodies which allow authors to 
comply with their funder's open access policies. Some funding bodies will reimburse the author 





This journal offers authors a choice in publishing their research: 
 
Open access 
• Articles are freely available to both subscribers and the wider public with permitted reuse. 
• An open access publication fee is payable by authors or on their behalf, e.g. by their research 
funder or institution. 
 
Subscription 
• Articles are made available to subscribers as well as developing countries and patient groups 
through our universal access programs. 
• No open access publication fee payable by authors. 
Regardless of how you choose to publish your article, the journal will apply the same peer 
review criteria and acceptance standards. 
For open access articles, permitted third party (re)use is defined by the following Creative 
Commons user licenses: 
 
Creative Commons Attribution (CC BY) 
Lets others distribute and copy the article, create extracts, abstracts, and other revised versions, 
adaptations or derivative works of or from an article (such as a translation), include in a 
collective 
work (such as an anthology), text or data mine the article, even for commercial purposes, as 
long as they credit the author(s), do not represent the author as endorsing their adaptation of 
the article, and do not modify the article in such a way as to damage the author's honor or 
reputation. 
 
Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND) 
For non-commercial purposes, lets others distribute and copy the article, and to include in a 
collective work (such as an anthology), as long as they credit the author(s) and provided they do 
not alter or modify the article. The open access publication fee for this journal is USD 2200, 
excluding taxes. Learn more aboutElsevier's pricing policy: 
http://www.elsevier.com/openaccesspricing. 
 




Green open access 
Authors can share their research in a variety of different ways and Elsevier has a number of 
green open access options available. We recommend authors see our green open access page 
for further information. Authors can also self-archive their manuscripts immediately and enable 
public access from their institution's repository after an embargo period. This is the version that 
has been accepted for publication and which typically includes author-incorporated changes 
suggested during submission, peer review and in editor-author communications. Embargo 
period: For subscription articles, an appropriate amount of time is needed for journals to deliver 
value to subscribing customers before an article becomes freely available to the public. This is 
the embargo period and it begins from the date the article is formally published online in its final 
and fully citable form. Find out more.  
 
This journal has an embargo period of 24 months. 
 
Elsevier Publishing Campus 
The Elsevier Publishing Campus (www.publishingcampus.com) is an online platform offering 
free lectures, interactive training and professional advice to support you in publishing your 
research. The College of Skills training offers modules on how to prepare, write and structure 
your article and explains how editors will look at your paper when it is submitted for publication. 
Use these resources, and more, to ensure that your submission will be the best that you can 
make it. 
 
Language (usage and editing services) 
Please write your text in good English (American or British usage is accepted, but not a mixture 
of these). Authors who feel their English language manuscript may require editing to eliminate 
possible grammatical or spelling errors and to conform to correct scientific English may wish to 














Submission to this journal proceeds totally online and you will be guided stepwise through the 
creation and uploading of your files. The system automatically converts your files to a single 
PDF file, which is used in the peer-review process. As part of the Your Paper Your Way service, 
you may choose to submit your manuscript as a single file to be used in the refereeing process. 
This can be a PDF file or a Word document, in any format or layout that can be used by 
referees to evaluate your manuscript. It should contain high enough quality figures for 
refereeing. If you prefer to do so, you may still provide all or some of the source files at the initial 





There are no strict requirements on reference formatting at submission. References can be in 
any style or format as long as the style is consistent. Where applicable, author(s) name(s), 
journal title/book title, chapter title/article title, year of publication, volume number/book chapter 
and the pagination must be present. Use of DOI is highly encouraged. The reference style used 
by the journal will be applied to the accepted article by Elsevier at the proof stage. Note that 
missing data will be highlighted at proof stage for the author to correct. 
 
Formatting requirements 
There are no strict formatting requirements but all manuscripts must contain the essential 
elements needed to convey your manuscript, for example Abstract, Keywords, Introduction, 
Materials and Methods, Results, Conclusions, Artwork and Tables with Captions. 
If your article includes any Videos and/or other Supplementary material, this should be included 
in your initial submission for peer review purposes. 
Divide the article into clearly defined sections. Figures and tables embedded in text 
Please ensure the figures and the tables included in the single file are placed next to the 
relevant text in the manuscript, rather than at the bottom or the top of the file. The 
corresponding caption should 
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Peer review 
This journal operates a double blind review process. All contributions will be initially assessed 
by the editor for suitability for the journal. Papers deemed suitable are then typically sent to a 
minimum of two independent expert reviewers to assess the scientific quality of the paper. The 
Editor is responsible for the final decision regarding acceptance or rejection of articles. The 
Editor's decision is final. More information on types of peer review. 
 
REVISED SUBMISSIONS 
Use of word processing software 
Regardless of the file format of the original submission, at revision you must provide us with an 
editable file of the entire article. Keep the layout of the text as simple as possible. Most 
formatting codes will be removed and replaced on processing the article. The electronic text 
should be prepared in a way very similar to that of conventional manuscripts (see also the 
Guide to Publishing with Elsevier). See also the section on Electronic artwork. To avoid 
unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check' 
functions of your word processor. 
 
Article structure 
Essential title page information 
• Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid 
abbreviations and formulae where possible. 
• Author names and affiliations. Please clearly indicate the given name(s) and family name(s) 
of each author and check that all names are accurately spelled. Present the authors' affiliation 
addresses (where the actual work was done) below the names. Indicate all affiliations with a 
lowercase superscript letter immediately after the author's name and in front of the appropriate 
address. 
Provide the full postal address of each affiliation, including the country name and, if available, 
the e-mail address of each author. 
• Corresponding author. Clearly indicate who will handle correspondence at all stages of 
refereeing and publication, also post-publication. Ensure that the e-mail address is given and 




• Present/permanent address. If an author has moved since the work described in the article 
was done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be 
indicated as a footnote to that author's name. The address at which the author actually did the 
work must be retained as the main, affiliation address. Superscript Arabic numerals are used for 
such footnotes. 
Optimizing the title and abstract of an article for your audience 
In order to increase the exposure of your article, we suggest the following: 
•The title of your article must be clear and descriptive, using keywords that are relevant to the 
subject area, and would most likely be used in an online search. 
•The abstract must also contain keywords and common phrases for the subject area, perhaps 
using wording from the title. These carefully chosen keywords and phrases can also be 
emphasised in the text, however please do this with caution as some search engines can reject 
overly repetitive webpages. 
Abstract 
A concise and factual abstract of about 100 words is required. The abstract should state briefly 
the purpose of the research, the principal results and major conclusions. An abstract is often 
presented separately from the article, so it must be able to stand alone. For this reason, 
References should be avoided, but if essential, then cite the author(s) and year(s). Also, non-
standard or uncommon abbreviations should be avoided, but if essential they must be defined at 
their first mention in the abstract itself. 
Highlights 
Highlights are mandatory for this journal. They consist of a short collection of bullet points that 
convey the core findings of the article and should be submitted in a separate editable file in the 
online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet 
points (maximum 85 characters, including spaces, per bullet point). You can view example 
Highlights on our information site. 




Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and 
avoiding general and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be 
sparing with abbreviations: only abbreviations firmly established in the field may be eligible. 





Formatting of funding sources 
List funding sources in this standard way to facilitate compliance to funder's requirements: 
Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, 
yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United 
States Institutes of Peace [grant number aaaa]. It is not necessary to include detailed 
descriptions on the program or type of grants and awards. When funding is from a block grant or 
other resources available to a university, college, or other research institution, submit the name 
of the institute or organization that provided the funding. If no funding has been provided for the 
research, please include the following sentence: This research did not receive any specific grant 
from funding agencies in the public, commercial, or not-for-profit sectors. 
 
Footnotes 
Footnotes should be used sparingly. Number them consecutively throughout the article. Many 
word processors build footnotes into the text, and this feature may be used. Should this not be 
the case, indicate the position of footnotes in the text and present the footnotes themselves 





• Make sure you use uniform lettering and sizing of your original artwork. 
• Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier. 
• Number the illustrations according to their sequence in the text. 
• Use a logical naming convention for your artwork files. 
• Indicate per figure if it is a single, 1.5 or 2-column fitting image. 
• For Word submissions only, you may still provide figures and their captions, and tables within 
a single file at the revision stage. 
• Please note that individual figure files larger than 10 MB must be provided in separate source 
files. 
A detailed guide on electronic artwork is available. 
 







Regardless of the application used, when your electronic artwork is finalized, please 'save as' or 
convert the images to one of the following formats (note the resolution requirements for line 
drawings, halftones, and line/halftone combinations given below): 
EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'. 
TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi. 
TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi. 
TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 
dpi is required. 
Please do not: 
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is 
too low. 
• Supply files that are too low in resolution. 
• Submit graphics that are disproportionately large for the content. 
Color artwork 
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), 
or MS Office files) and with the correct resolution. If, together with your accepted article, you 
submit usable color figures then Elsevier will ensure, at no additional charge, that these figures 
will appear in color online (e.g., ScienceDirect and other sites) regardless of whether or not 
these illustrations are reproduced in color in the printed version. For color reproduction in 
print, you will receive 
AUTHOR INFORMATION PACK 3 Aug 2017 www.elsevier.com/locate/healthplace 10 
information regarding the costs from Elsevier after receipt of your accepted article. 
Please indicate your preference for color: in print or online only. Further information on the 




Ensure that each illustration has a caption. A caption should comprise a brief title (not on the 
figure itself) and a description of the illustration. Keep text in the illustrations themselves to a 







Please submit tables as editable text and not as images. Tables can be placed either next to the 
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in 
accordance with their appearance in the text and place any table notes below the table body. Be 
sparing in the use of tables and ensure that the data presented in them do not duplicate results 
described elsewhere in the article. Please avoid using vertical rules and shading in table cells. 
 
References 
Citation in text 
Please ensure that every reference cited in the text is also present in the reference list (and vice 
versa). Any references cited in the abstract must be given in full. Unpublished results and 
personal communications are not recommended in the reference list, but may be mentioned in 
the text. If these references are included in the reference list they should follow the standard 
reference style of the journal and should include a substitution of the publication date with either 
'Unpublished results' or 'Personal communication'. Citation of a reference as 'in press' implies 
that the item has been accepted for publication. 
Reference links Increased discoverability of research and high quality peer review are ensured 
by online links to the sources cited. In order to allow us to create links to abstracting and 
indexing services, such as Scopus, CrossRef and PubMed, please ensure that data provided in 
the references are correct. Please note that incorrect surnames, journal/book titles, publication 
year and pagination may prevent link creation. When copying references, please be careful as 
they may already contain errors. Use of the DOI is encouraged. A DOI can be used to cite and 
link to electronic articles where an article is in-press and full citation details are not yet known, 
but the article is available online. A DOI is guaranteed never to change, so you can use it as a 
permanent link to any electronic article. An example of a citation using DOI for an article not yet 
in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M. (2003). 
Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal of 
Geophysical Research, https://doi.org/10.1029/2001JB000884. Please note the format of such 
citations should be in the same style as all other references in the paper. 
Web references 
As a minimum, the full URL should be given and the date when the reference was last 
accessed. Any further information, if known (DOI, author names, dates, reference to a source 
publication, etc.), should also be given. Web references can be listed separately (e.g., after the 




Data references This journal encourages you to cite underlying or relevant datasets in your 
manuscript by citing them in your text and including a data reference in your Reference List. 
Data references should include the following elements: author name(s), dataset title, data 
repository, version (where available), year, and global persistent identifier. Add [dataset] 
immediately before the reference so we can properly identify it as a data reference. The 
[dataset] identifier will not appear in your published article. 
References in a special issue 
Please ensure that the words 'this issue' are added to any references in the list (and any 
citations in the text) to other articles in the same Special Issue. 
Reference management software 
Most Elsevier journals have their reference template available in many of the most popular 
reference management software products. These include all products that support Citation Style 
Language styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor 
plug-ins from these products, authors only need to select the appropriate journal template when 
preparing their 
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article, after which citations and bibliographies will be automatically formatted in the journal's 
style. If no template is yet available for this journal, please follow the format of the sample 
references and citations as shown in this Guide. 
Users of Mendeley Desktop can easily install the reference style for this journal by clicking the 
following 
link: http://open.mendeley.com/use-citation-style/health-and-place 
When preparing your manuscript, you will then be able to select this style using the Mendeley 
plugins for Microsoft Word or LibreOffice. 
 
Reference formatting 
There are no strict requirements on reference formatting at submission. References can be in 
any style 
or format as long as the style is consistent. Where applicable, author(s) name(s), journal 
title/book title, chapter title/article title, year of publication, volume number/book chapter and the 
pagination must be present. Use of DOI is highly encouraged. The reference style used by the 
journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing 
data will be highlighted at proof stage for the author to correct. If you do wish to format the 





For Health & Place the Harvard system is to be used: authors' names (no initials) and dates 
(and specific pages, only in the case of quotations) are given in the main body of the text, e.g. 
(Phillips,1990, p, 40). References are listed alphabetically at the end of the paper, double 
spaced and conform to current journal style: 
For journals: Macintyre, S., Maclver, S., Sooman, A., 1993. Area, class and health: should we 
be focusing on places or people? Journal of Social Policy 22, 213-234. 
For books: Jones, K., Moon, G., 1987. Health, Disease and Society. RKP, London. 
For Chapters of edited Books: Laws, G., Dear, M., 1988. Coping in the community: a review 
of factors and influencing the lives of deinstitutionalized ex-psychiatric patients. In: Smith, C., 
Giggs, J. (Eds), Location and Stigma. Unwin Hyman, London, pp. 83-102. 
Other publications: Where there is doubt include bibliographical details. 
Video 
Elsevier accepts video material and animation sequences to support and enhance your 
scientific research. Authors who have video or animation files that they wish to submit with their 
article are strongly encouraged to include links to these within the body of the article. This can 
be done in the same way as a figure or table by referring to the video or animation content and 
noting in the body text where it should be placed. All submitted files should be properly labeled 
so that they directly relate to the video file's content. In order to ensure that your video or 
animation material is directly usable, please provide the files in one of our recommended file 
formats with a preferred maximum size of 150 MB. Video and animation files supplied will be 
published online in the electronic version of your article in Elsevier Web products, including 
ScienceDirect. Please supply 'stills' with your files: you can choose any frame from the video or 
animation or make a separate image. These will be used instead of standard icons and will 
personalize the link to your video data. For more detailed instructions please visit our video 
instruction pages. Note: since video and animation cannot be embedded in the print version of 
the journal, please provide text for both the electronic and the print version for the portions of 











Supplementary material such as applications, images and sound clips, can be published with 
your article to enhance it. Submitted supplementary items are published exactly as they are 
received (Excel or PowerPoint files will appear as such online). Please submit your material 
together with the article and supply a concise, descriptive caption for each supplementary file. If 
you wish to make changes to supplementary material during any stage of the process, please 
make sure to provide an updated file. Do not annotate any corrections on a previous version. 
Please switch off the 'Track Changes' option in Microsoft Office files as these will appear in the 
published version. 
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RESEARCH DATA 
This journal encourages and enables you to share data that supports your research publication 
where appropriate, and enables you to interlink the data with your published articles. Research 
data refers to the results of observations or experimentation that validate research findings. To 
facilitate reproducibility and data reuse, this journal also encourages you to share your software, 
code, models, algorithms, protocols, methods and other useful materials related to the project. 
Below are a number of ways in which you can associate data with your article or make a 
statement about the availability of your data when submitting your manuscript. If you are sharing 
data in one of these ways, you are encouraged to cite the data in your manuscript and reference 
list. Please refer to the "References" section for more information about data citation. For more 
information on depositing, sharing and using research data and other relevant research 
















If you have made your research data available in a data repository, you can link your article 
directly to the dataset. Elsevier collaborates with a number of repositories to link articles on 
ScienceDirect with relevant repositories, giving readers access to underlying data that give them 
a better understanding of the research described. There are different ways to link your datasets 
to your article. When available, you can directly link your dataset to your article by providing the 
relevant information in the submission system. For more information, visit the database linking 
page. For supported data repositories a repository banner will automatically appear next to your 
published article on ScienceDirect. In addition, you can link to relevant data or entities through 
identifiers within the text of your manuscript, using the following format: Database: xxxx (e.g., 




This journal supports Mendeley Data, enabling you to deposit any research data (including raw 
and processed data, video, code, software, algorithms, protocols, and methods) associated with 
your manuscript in a free-to-use, open access repository. Before submitting your article, you can 
deposit the relevant datasets to Mendeley Data. Please include the DOI of the deposited 
dataset(s) in your main manuscript file. The datasets will be listed and directly accessible to 
readers next to your published article online. For more information, visit the Mendeley Data for 
journals page. 
 
Data in Brief 
You have the option of converting any or all parts of your supplementary or additional raw data 
into one or multiple data articles, a new kind of article that houses and describes your data. 
Data articles ensure that your data is actively reviewed, curated, formatted, indexed, given a 
DOI and publicly 
available to all upon publication. You are encouraged to submit your article for Data in Brief as 
an additional item directly alongside the revised version of your manuscript. If your research 
article is accepted, your data article will automatically be transferred over to Data in Brief where 
it will be editorially reviewed and published in the open access data journal, Data in Brief. 
Please note an open access fee of 250 USD is payable for publication in Data in Brief. This fee 
applies to articles submitted before 31 December 2017. Full details can be found on the Data in 





To foster transparency, we encourage you to state the availability of your data in your 
submission. This may be a requirement of your funding body or institution. If your data is 
unavailable to access or unsuitable to post, you will have the opportunity to indicate why during 
the submission process, for example by stating that the research data is confidential. The 
statement will appear with your published article on ScienceDirect. For more information, visit 
the Data Statement page. 
 
ARTICLE ENRICHMENTS 
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AudioSlides 
The journal encourages authors to create an AudioSlides presentation with their published 
article. AudioSlides are brief, webinar-style presentations that are shown next to the online 
article on ScienceDirect. This gives authors the opportunity to summarize their research in their 
own words and to help readers understand what the paper is about. More information and 
examples are available. Authors of this journal will automatically receive an invitation e-mail to 
create an AudioSlides presentation after acceptance of their paper. 
 
Google Maps and KML files 
KML (Keyhole Markup Language) files (optional): You can enrich your online articles by 
providing KML or KMZ files which will be visualized using Google maps. The KML or KMZ files 
can be uploaded in our online submission system. KML is an XML schema for expressing 
geographic annotation and visualization within Internet-based Earth browsers. Elsevier will 
generate Google Maps from the submitted KML files and include these in the article when 
published online. Submitted KML files will also be available for downloading from your online 
article on ScienceDirect. More information. 
 
Interactive plots 
This journal enables you to show an Interactive Plot with your article by simply submitting a data 
file. Full instructions. 
Checklist 
• Have you told readers, at the outset, what they might gain by reading your paper? 
• Have you made the aim of your work clear? 




• Have you set your work in the appropriate context by giving sufficient background (including a 
complete set of relevant references) to your work? 
• Have you addressed the question of practicality and usefulness? 
• Have you identified future developments that may result from you work? 
• Have you structured you papers in a clear and logical fashion? 
• Have you provided an abstract and keywords? 
 
Submission checklist 
The following list will be useful during the final checking of an article prior to sending it to the 
journal for review. Please consult this Guide for Authors for further details of any item. 
Ensure that the following items are present: 
One author has been designated as the corresponding author with contact details: E-mail 
address Full postal address All necessary files have been uploaded, and contain: Keywords All 
figure captions All tables (including title, description, footnotes) Further considerations 
Manuscript has been 'spellchecked' and 'grammar-checked' Files submitted for review have had 
all identifying information removed (see review policy above), whether in the file text, the file 
name or the file properties. All references mentioned in the Reference list are cited in the text, 
and vice versa Permission has been obtained for use of copyrighted material from other sources 
(including the Internet) Printed version of figures (if applicable) in color or black-and-white 
Indicate clearly whether or not color or black-and-white in print is required. For any further 
information please visit our Support Center" 
 
AFTER ACCEPTANCE 
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